Causal Links Between US Economic Sectors by Lee, Gladys Hui Ting et al.
ar
X
iv
:0
91
1.
47
63
v3
  [
q-
fin
.G
N]
  2
5 F
eb
 20
11
Causal Links Between US Economic Sectors
Gladys Hui Ting Leea,∗, Yiting Zhanga,∗, Jian Cheng Wonga, Manamohan Prustyb,
Siew Ann Cheongb,∗∗
aDivision of Mathematical Sciences, School of Physical and Mathematical Sciences, Nanyang
Technological University, 21 Nanyang Link, Singapore 637371, Republic of Singapore
bDivision of Physics and Applied Physics, School of Physical and Mathematical Sciences,
Nanyang Technological University, 21 Nanyang Link, Singapore 637371, Republic of Singapore
Abstract
In this paper, we perform a comparative segmentation and clustering analysis of
the time series for the ten Dow Jones US economic sector indices between 14
February 2000 and 31 August 2008. From the temporal distributions of clustered
segments, we find that the US economy took one and a half years to recover from
the mid-1998-to-mid-2003 financial crisis, but only two months to completely
enter the present financial crisis. We also find the oil & gas and basic materials
sectors leading the recovery from the previous financial crisis, while the consumer
goods and utilities sectors led the descent into the present financial crisis. On a
macroscopic level, we find sectors going earlier into a crisis emerge later from it,
whereas sectors going later into the crisis emerge earlier. On the mesoscopic level,
we find leading sectors experiencing stronger and longer volatility shocks, while
trailing sectors experience weaker and shorter volatility shocks. In our shock-
by-shock causal-link analysis, we also find shorter delays between corresponding
shocks in more closely related economic sectors. In addition, our analysis reveals
evidences for complex sectorial structures, as well as nonlinear amplification in
the propagating volatility shocks. From a perspective relevant to public policy, our
study suggests an endogeneous sectorial dynamics during the mid-2003 economic
recovery, in contrast to strong exogeneous driving by Federal Reserve interest
rate cuts during the mid-2007 onset. Most interestingly, we find for the sequence
of closely spaced interest rate cuts instituted in 2007/2008, the first few cuts ef-
fectively lowered market volatilities, while the next few cuts counter-effectively
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increased market volatilities. Subsequent cuts evoked little response from the
market.
Keywords: US economic sectors, macroeconomic cycle, segmentation,
clustering, causal links
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1. Introduction
In a recent paper [1], we reported finding the US economy to be predomi-
nantly in a low-volatility phase (which corresponds roughly to the standard eco-
nomic growth phase) and a high-volatility phase (which has a significantly longer
duration than the economic contraction phase it incorporates), when we perform
statistical segmentation and clustering analysis on the Dow Jones Industrial Aver-
age time series between 1997 and 2008. Both phases are interrupted by moderate-
volatility market correction phases, which come with two typical durations: 1–2
weeks, and 1.5–2 months. The high-volatility phase is also frequently interrupted
by very-high-volatility market crash phases, which can go from 1 day to 3 weeks
in duration. More interestingly, the temporal distribution of the clustered seg-
ments suggests that the US economy made a transition from the low-volatility
phase to the high-volatility phase in mid-1998 (apparently triggered by the July
1997 Asian Financial Crisis), went back into the low-volatility phase in mid-2003,
before entering the high-volatility phase again in mid-2007 (the current global fi-
nancial crisis, apparently triggered by market corrections in the Chinese markets
that started in mid-2006).
Having extracted such a rich and exciting story of the US economy through
segmentation and clustering analysis of a single index time series, we naturally
wondered what we would find if we do a comparative study of the clustered seg-
ments for time series data from the various US economic sectors. In particular, we
were inclined to believe that such a comparative analysis offers the potential to un-
derstand causal relationships between different components of the US economy.
Thus far, many fingers point (with hindsight) to the complex, poorly managed,
poorly regulated interactions between the US property and financials sectors as
the root cause of the present financial crisis. However, this stating of what is
apparent on the surface — less an understanding of the concomitant subtleties be-
neath the surface — may not be enough to help us prevent the next financial crisis,
nor is it likely to show us how to develop effective mitigation measures should one
arise. If we fully comprehend the causal linkages between the various economic
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sectors, we imagine it would be possible to devise flexible and effective policies
that would target key industries and sectors to accelerate recovery from a financial
crisis, or to soften the impact (or avert altogether) the onset of a financial crisis.
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Figure 1: (Left) The approximately correct causal tree analogy for sectorial dynamics within the
US economy. In this analogy, a shock delivered at the root of the tree will propagate dissipatively
upwards with a finite speed. TC will experience the strongest shock first, whereas TL, HC, and
CY will experience a weaker shock later, FN and IN an even weaker shock even later, and finally
BM, EN, NC, and UT, on the outer fringes of the causal tree, experience the weakest shock latest
within the economy. (Right) Assuming further that the propagating shock weakens over time,
and the signature of the shock competes with random noises constantly buffeting the sectors, the
identifiable duration of the shock also decreases with distance away from the root.
In this paper, we report intriguing results that emerge from our segmentation
and clustering analysis of the ten Dow Jones US economic sector time series. The
varying temporal distributions of clustered segments tells us that the last US finan-
cial crisis was led to a large extent by the technologies sector, while the present
global financial crisis was led by the non-cyclical consumer goods (within which
we find the homebuilders and realties) and utilities sectors. Moreover, we found
what we believe might be a generic pattern: the sector that led the economy into
decline recovers last, while the last sector to succumb to the financial crisis is
also the first to recover when the economy ‘picks up’. Other robust statistical
signatures extracted include the leading sectors experiencing stronger and longer
high-volatility shocks, while the trailing sectors experience weaker and shorter
high-volatility shocks. These observations are consistent with the causal tree anal-
ogy shown in Fig. 1. In this analogy, exogeneous factors shake the root of the tree,
and branches closest to the root are the first to respond. As the influence of the ex-
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ogeneous shock propagates up the tree, the amplitudes of the shocks experienced
by the sectors decrease in strength. Another natural implication of this analogy is
that the delay between successive sectors will be shorter if they are more closely
related. Because of its apparent utility, we will interpret our results within the
framework of this analogy.
To facilitate easy navigation of our methods and results, this paper is organized
into six sections. In Section 2, we briefly describe the data sets used, as well as
the segmentation and clustering procedures. In Section 3, we describe general
features observed in the ten temporal distributions of clustered segments, how
we determine the sequence of recovery in the US economic sectors, as well as
the sequence leading into the current global financial crisis. In Section 4, we
discuss an in-depth shock-by-shock causal-link analysis of the dynamics of the
ten US economic sectors, in the period leading up to full economic recovery, as
well as the start of the Subprime Crisis. In Section 5, we present results on the
present financial crisis, showing how the economy responded positively to the first
few interest rate cuts, negatively to the next few rate cuts, and then not at all to
subsequent rate cuts. This suggests that the Federal Reserve interest rate is not
a universal knob that can be continuously adjusted to fine tune the economy, but
can be good medicine if used sparingly. Finally, we present our conclusions in
Section 6.
2. Data and methods
2.1. Data
Tic-by-tic data for the ten Dow Jones US economic sector indices (see Table
1) over the period 14 February 2000 to 31 August 2008 were downloaded from
the Taqtic database [2]. There are about three million tic-by-tic records for each
index, and the format of this raw data is shown in Table 2. These were processed
into half-hourly time series Xi = (Xi,1, . . . , Xi,t, . . . , Xi,N), where i = 1, . . . , 10 in-
dex the various economic sectors according to Table 1, and 1 ≤ t ≤ N indicate
which half-hour within the period of study the indices are sampled. For example,
in Table 2 we see for BM that there was a transaction on February 14, 2000 at
14:25:50.259 GMT, at index value 149.92. The next transaction was on February
14, 2000 at 14:30:29.829 GMT, at index value 149.93. Therefore, we take the
index value for BM on February 14, 2000 at 14:30:00 GMT, which is the opening
time of the New York Stock Exchange (NYSE), to be 149.92, i.e. the index value
of the last transaction before 14:30:00 GMT. Similarly, the half-hourly index val-
ues for 15:00:00 GMT, 15:30:00 GMT, . . . , 20:30:00 GMT, up till the closing time
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21:00:00 GMT of the NYSE, are taken to be the index values of the last transac-
tions before these half hours. In the raw data, we also see records of transactions
several minutes after the closing time, and once in a while, we will see transac-
tions an hour to two hours before the opening time. Records before the opening
time are corrections made by the NYSE. These are not real transactions so we ig-
nore such entries. Records after the closing time are real transactions, with index
values that can be about 0.1% different from that of the last transaction before the
official closing time. This last-minute rush in stock markets is well known. We
also ignore these records, because their index values will generally be very close
to the index values we assign to the opening hours. Finally, the list of half hours
is also adjusted to take into account daylight saving. In the end, we obtained from
the tic-by-tic records index values for 31560 half hours for each economic sector.
Table 1: The ten Dow Jones US economic sector indices as defined by the Industry Clas-
sification Benchmark (ICB). These are float-adjusted market capitalization weighted sums
of variable numbers of component stocks, introduced on February 14, 2000 to measure the
performance of US stocks in the ten ICB industries. The makeup of these indices are reviewed
quarterly, and the number of components and float-adjusted market capitalizations taken from
http://www.djindexes.com/mdsidx/downloads/fact_info/Dow_Jones_US_Indexes_Industry_Indexes_Fact_Sheet.pdf,
and are accurate as of November 30, 2010. The top components of each index are shown in
Appendix Appendix A.
i symbol sector
number of
component
stocks
float-adjusted
market
capitalization
(billion USD)
number of tic-
by-tic records
1 BM Basic Materials 155 506.7 2,843,033
2 CY Consumer Services 484 1,649.1 2,937,192
3 EN Oil & Gas 214 1,405.7 3,109,893
4 FN Financials 876 2,192.5 3,086,616
5 HC Healthcare 512 1,423.8 3,009,245
6 IN Industrials 692 1,725.7 2,939,937
7 NC Consumer Goods 326 1,351.1 2,889,067
8 TC Technology 509 2,158.1 3,222,199
9 TL Telecommunications 44 379.5 2,908,507
10 UT Utilities 96 470.9 2,445,898
As explained in Ref. [1], the half-hourly data frequency allows us to confi-
dently identify statistically stationary segments as short as a day. Higher data
frequency was not used, because in a macroeconomic study such as this, we are
not interested in segments shorter than a day. From the index time series Xi, we
prepare the log-index movement time series xi = (xi,1, . . . , xi,t, . . . , xi,N−1), where
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Table 2: Format of tic-by-tic data downloaded from the Taqtic database. In the example shown
below for the Dow Jones US economic sector index for basic materials, the first row is the header of
the data file. According to this header, the first data column is the Reuters instrument code (RIC),
the second column is the date of the transactions in MM/DD/YYYY format, the third column is
the GMT time of the transactions in HH:MM:SS.SSS format, the fourth column is the GMT offset
of the exchange, the fifth column refers to the instrument type, and the sixth column contains the
index values.
#RIC,Date[G],Time[G],GMT Offset,Type,Price
.DJUSBM,02/14/2000,11:54:20.434,+0,Index,149.92
.DJUSBM,02/14/2000,14:25:50.259,+0,Index,149.92
.DJUSBM,02/14/2000,14:30:29.829,+0,Index,149.93
.DJUSBM,02/14/2000,14:30:57.532,+0,Index,149.92
.DJUSBM,02/14/2000,14:31:28.710,+0,Index,149.93
.DJUSBM,02/14/2000,14:31:57.861,+0,Index,149.94
.DJUSBM,02/14/2000,14:32:15.252,+0,Index,149.93
.DJUSBM,02/14/2000,14:32:36.853,+0,Index,149.94
.DJUSBM,02/14/2000,14:32:59.533,+0,Index,149.95
.DJUSBM,02/14/2000,14:33:13.906,+0,Index,149.98
.DJUSBM,02/14/2000,14:33:30.941,+0,Index,149.97
.DJUSBM,02/14/2000,14:33:43.577,+0,Index,149.98
.DJUSBM,02/14/2000,14:33:58.916,+0,Index,150.02
.DJUSBM,02/14/2000,14:34:13.525,+0,Index,150.05
.DJUSBM,02/14/2000,14:34:30.817,+0,Index,150.15
.DJUSBM,02/14/2000,14:34:43.452,+0,Index,150.16
.DJUSBM,02/14/2000,14:34:58.883,+0,Index,150.33
.DJUSBM,02/14/2000,14:35:13.972,+0,Index,150.34
.DJUSBM,02/14/2000,14:35:31.265,+0,Index,150.39
.DJUSBM,02/14/2000,14:35:45.639,+0,Index,150.29
.DJUSBM,02/14/2000,14:36:02.616,+0,Index,150.38
.DJUSBM,02/14/2000,14:36:20.902,+0,Index,150.41
.DJUSBM,02/14/2000,14:36:40.442,+0,Index,150.32
.DJUSBM,02/14/2000,14:36:49.013,+0,Index,150.22
.DJUSBM,02/14/2000,14:36:59.389,+0,Index,150.19
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xi,t = log Xi,t+1 − log Xi,t, for segmentation based on the log-normal index move-
ment model described in Ref. [1]. The log-index movement model was chosen
because different indices have different magnitudes, and it is more meaningful to
compare their fractional changes.
2.2. Segmentation
Sudden changes in the dynamics of an economy are variously known as regime
shifts, structural breaks, or change points. The problem of detecting change points
(see for example, Refs. [3, 4] is also important in the fields of image segmenta-
tion (see for example, Refs. [5, 6] and biological sequence segmentation (see for
example, Refs. [7, 8]). In the economics and econometrics literature, Quandt first
considered the problem theoretically in 1958 [9, 10], developing least square esti-
mation procedures used by Huizinga and Mishkin in their study of regime shifts in
US monetary policy [11]. After putting forth a likelihood test on regime switching
in 1972 [12], Quandt, along with Goldfeld, developed in 1973 a Markov switching
framework for estimating regime shifts, and applied it to detect regime shifts in the
US housing market [13]. This Markov switching framework formed the basis of
Hamilton’s seminal 1989 paper on the US business cycles [14, 15]. There is now
a large and growing economics and econometrics literature on regime shifts and
change points. Most of these works are based on autoregressive models and unit-
root tests [16–32], and only a small number are based on Hamilton’s Bayesian
approach [33].
In the finance literature, Merton noticed as early as 1976 that stock returns
frequently exhibit discontinuous jumps [34, 35], and extended the Black-Scholes
option pricing framework by incorporating a Poisson jump process in addition to
the standard lognormal returns process. Ball and Torous later compared the Black-
Scholes-Merton pricing formula to the actual time series of derivatives, and found
only slight mispricing [36, 37]. Jorion, on the other hand, found that jumps in the
foreign exchange market are structurally different from jumps in the stock market
[38]. In 1986, Poterba and Summers also noticed persistent changes in the returns
variance frequently accompanied large jumps in the returns [39]. Lamoureux and
Lastrapes later associated this persistence of variance with a structural change in
the market [40]. In general, financial economists are less interested in locating
and explaining change points, and more interested in incorporating the existence
of these temporal features into the prices of derivative instruments.
In contrast to the economics and finance communities, the data mining com-
munities are very much interested in employing pattern recognition tools to make
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predictions. In pattern-based segmentation schemes, features within the time se-
ries are abstracted into symbols, along the same spirit as the technical analysis of
stock markets [41]. The time series is then segmented either based on the relative
abundance of symbols, or their context trees [42–45]. The focus of the younger
econophysics community is again different. Here, the economy and financial mar-
ket are seen as complex systems obeying emergent laws of self organization, and
econophysicists attempt to discover these laws, through studying simple models
with the essential dynamical features, as well as by analyzing high-frequency mar-
ket data. In the time series segmentation works by Vaglica et al. [46] and To´th et
al. [47], the aim is to discover scaling laws governing financial markets, whereas
in our previous work [1], we are concerned with what macroeconomic phases
are manifest in a financial market, and what time scales are associated with the
transition from one macroeconomic phase to another.
In this paper, we would like to learn more about the dynamics of the US econ-
omy, by segmenting the time series of the ten Dow Jones US economic sector
indices. To do this, we assume that each economic sector time series xi consist
of Mi segments, and that within segment mi, the log-index movements xmii,t are
normally distributed, with constant mean µi,mi and constant variance σ2i,mi . The
unknown segment boundaries ti,mi, which separates segments mi and mi + 1, are
determined through time series segmentation, using the recursive entropic scheme
introduced by Bernaola-Galva´n et al. [48, 49]. In this segmentation scheme, we
start with the time series x = (x1, . . . , xt, xt+1, . . . , xn), and compute the Jensen-
Shannon divergence [50]
∆(t) = ln L2(t)
L1
, (1)
where within the log-normal index movement model,
L1 =
n∏
s=1
1√
2piσ2
exp
[
−(xs − µ)
2
2σ2
]
(2)
is the likelihood that x is generated probabilistically by a single Gaussian model
with mean µ and variance σ2, and
L2(t) =
t∏
s=1
1√
2piσ2L
exp
[
−(xs − µL)
2
2σ2L
] n∏
s=t+1
1√
2piσ2R
exp
[
−(xs − µR)
2
2σ2R
]
(3)
is the likelihood that x is generated by two statistically distinct models: the left
segment xL = (x1, . . . , xt) by a Gaussian model with mean µL and variance σ2L,
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and the right segment xR = (xt+1, . . . , xn) by a Gaussian model with mean µR
and variance σ2R. In terms of the maximum likelihood estimates µˆ, µˆL, µˆR and
σˆ2, σˆ2L, σˆ
2
R, the Jensen-Shannon divergence ∆(t), which measures how much better
a two-segment model fits the time series data compared to a one-segment model,
simplifies to
∆(t) = n ln σˆ − t ln σˆL − (n − t) ln σˆR + 12 ≥ 0. (4)
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Figure 2: The (a) first and (b) second stages of the recursive segmentation of the half-hourly
Dow Jones Industrial Average time series between January 1, 1997 and August 31, 2008. In the
first stage of the recursive segmentation, the Jensen-Shannon divergence ∆(t) is computed over
the entire time series, and mid-2003 is found to be the optimum time point for the first segment
boundary. In the second stage of the recursive segmentation, ∆(t) is computed independently over
the left and right segments. The optimum time points for the second and third segment boundaries
are found to be mid-2002 and mid-2007 respectively.
We then scan through all possible times t, as shown in Fig. 2(a), and place a
cut at t∗, for which the Jensen-Shannon divergence
∆∗ = ∆(t∗) = max
t
∆(t) (5)
is maximized, to break the time series x = (x1, . . . , xn) into two statistically most
distinct segments x∗L = (x1, . . . , xt∗) and x∗R = (xt∗+1, . . . , xn). In Fig. 2, the half-
hourly time series shown is that of the Dow Jones Industrial Average between
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January 1, 1997 and August 31, 2008. The first segment boundary identified
by this one-to-two segmentation procedure is at t∗1 ≈ mid-2003, since this is
where ∆(t) peaks, when it is computed over the entire time series. The Jensen-
Shannon divergence value associated with this peak is ∆∗1 ≈ 2000. Recalling that
∆(t) = ln L2(t)/L1, this means that at this point in time, the two-segment likelihood
is e2000 larger than the one-segment likelihood. Therefore, when benchmarked
against the model of one stationary segment for the entire time series, we know
that the left segment from January 1997 to mid-2003 is statistically very dissimilar
to the right segment from mid-2003 to August 2008. Given such a large disparity
between the one-segment and two-segment likelihoods, it is clear that the mid-
2003 segment boundary is highly significant statistically. When we use Eq. (B.6)
calculate the maximum error that could arise in the Jensen-Shannon divergence of
the whole time series, which has 31560 points, we find δ∆max = 52. This also sug-
gests that the mid-2003 segment boundary, with ∆∗1 ≈ 2000, is statistically highly
significant. In fact, this time point corresponds to the start of the four-year growth
phase of the US economy from mid-2003 to mid-2007.
To apply this one-into-two segmentation scheme recursively to obtain shorter
and shorter segments, we compute ∆(t) separately for x∗L and x∗R, as shown in
Fig. 2(b). For x∗L, we find the optimum segment boundary to be at t∗2 ≈ mid-2002,
whereas for x∗R, the optimum segment boundary is at t∗3 ≈ mid-2007. After this
second stage segmentation, we now have four segments, separated by two new and
one old segment boundary. The two new segment boundaries have ∆∗2 ≈ 500 (mid-
2002, with δ∆max ≈ 40) and ∆∗3 ≈ 1500 (mid-2007, with δ∆max ≈ 35) respectively.
Both are thus less significant than the first segment boundary discovered by the
segmentation procedure. However, they remain highly significant statistically.
In fact, t∗2 corresponds to the mid-2002 Dow Jones low, and t∗3 corresponds to the
July 2007 start of the Subprime Crisis. Before we move on to the third stage of the
recursive segmentation, we need to ensure that the position of t∗1 remains optimum.
This is necessary, because t∗1 was initially identified using ∆(t) computed the entire
time series. But now that we know the positions of t∗2 and t∗3, we should compute
∆(t) over the interval (t∗2, t∗3) only to locate t∗1. When we do this, the optimum
position for t∗1 must be shifted slightly to t′1
∗
, as shown in Fig. 3. Since t∗1 has been
moved, we must also check the optimalities of t∗2 and t∗3, by computing ∆(t) over
the intervals (1, t′1∗) and (t′1∗, n). At each stage of the recursive segmentation, this
first-order optimization [51] must be done iteratively for all segment boundaries,
until they have all converged onto their optimum positions.
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Figure 3: The Jensen-Shannon divergence ∆(t) of the Dow Jones Industrial Average time series
computed in (a) the first stage of the recursive segmentation over the entire half-hourly time series
from January 1997 to August 2008. The optimum segment boundary was identified to be at t∗1 ≈
mid-2003. After the second stage of the recursive segmentation, two new segment boundaries
were discovered at t∗2 ≈ mid-2002 and t∗3 ≈ mid-2007. When ∆(t) was recomputed (b) over the
interval (t∗2, t∗3), the optimum position for t∗1 is now shifted slightly to t′1∗.
From Fig. 3, we also see that ∆′1
∗ ≈ 3500 obtained over the interval (t∗2, t∗3) is
actually larger than ∆∗1 ≈ 2000 obtained over the entire time series. This is in spite
of the maximum error in computing the Jensen-Shannon divergence falling from
δ∆max ≈ 50 over the whole time series, to δ∆max ≈ 35 over (t∗2, t∗3). Therefore,
∆∗2 ≈ 500 and ∆∗3 ≈ 1500 are smaller than ∆∗1 not because they are computed over
shorter segments, but because the segment boundaries t∗2 and t∗3 are in fact statisti-
cally less significant than the segment boundary t∗1. Nevertheless, as the optimized
recursive segmentation progresses, all the highly significant segment boundaries
would have been discovered, and we start discovering less and less significant
segment boundaries. When this happens, the Jensen-Shannon divergence of the
newly discovered segment boundaries will become smaller and smaller. When
∆(t) starts looking like that shown in Fig. 4, we can no longer identify any statis-
tically significant boundary within the segment. Such segments should therefore
not be segmented any further.
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Figure 4: The Jensen-Shannon divergence ∆(t) of a moderate-length (821 half hours, or equiva-
lently, about 55 trading days) times series segment of the Dow Jones Industrial Average. Contrast
this to Fig. 5, where ∆(t) is obtained from a 821-point time series generated by a stationary Gaus-
sian process. In this example, the peak ∆max ≈ 5.5 at the data position of about 200 is statistically
too weak to justify the introduction of a new boundary within this segment, according to both our
empirical cutoff of ∆0 = 10, and also the error of δ∆ = 7.4 calculated from Eq. (B.5).
At this point, we find it necessary to address the important question of how
we decide whether a time series is statistically stationary or nonstationary. In the
statistics and econometrics literatures, a time series that fails a unit-root test when
it is fitted to an autoregressive model can plausibly be regarded as statistically
nonstationary. However, in its most general terms this question is not well posed:
no matter how nonstationary a given time series looks, it can always be fitted
to a stationary stochastic process. Similarly, it is also possible for a stationary
model to produce a seemingly nonstationary time series, or for a nonstationary
model to produce a seemingly stationary time series. A stationary model is the
simplest model for any given time series. However, if the likelihood for observ-
ing the given time series is very low, then it is not better than a more complex
nonstationary model which reproduces the given time series with much higher
likelihood. Therefore, the more meaningful question to ask is if a given time
series can be more profitably modeled by a stationary model or by a nonstation-
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ary model. Based on our discussions above, the answer to this model selection
problem is very clear in the initial stages of the recursive segmentation, when
the two-segment likelihoods are so much larger than the one-segment likelihoods.
More importantly, the peak Jensen-Shannon divergence is also very much larger
than the amplitude of the point-to-point fluctuations in ∆(t) across the time series.
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Figure 5: The Jensen-Shannon divergence ∆(t) of two 821-point time series generated by a sta-
tionary Gaussian process. For concreteness, we chose µ = 0 and σ = 1 for the stationary Gaussian
process, even though the Jensen-Shannon divergences depends only on the how inhomogeneous
the time series is. Fairly large ∆∗ can be observed, but these in general do not exceed ∆0 = 10. The
character of the point-to-point fluctuations in ∆(t) is also different from that observed in Fig. 4.
At the late stages of recursive segmentation, most plots of ∆(t) look like that
shown in Fig. 4. The peak ∆∗ is now small, and not that much larger than the point-
to-point fluctuations in ∆(t). Discounting structures seen in the larger-scale fluctu-
ations, ∆(t) now resembles those of artificial time series (shown in Fig. 5) gener-
ated by stationary Gaussian processes. The segment shown in this example should
therefore not be further segmented. As far as we are aware of, there are three sta-
tistical frameworks for terminating the recursive segmentation in the literature. In
the original approach by Bernaola-Galva´n and coworkers [48, 49], the divergence
maximum of a new segment boundary is tested for statistical significance against
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a χ2 distribution whose degree of freedom depends on the length of the segment to
be subdivided. Recursive segmentation terminates when no new segment bound-
aries more significant than the chosen confidence level can be found. In the second
approach [52, 53], a segment is subdivided if the information criterion of its best
two-segment model exceeds that of its one-segment model. Recursive segmen-
tation terminates when further segmentation does not explain the data better. In
the third approach [51], we compare the Jensen-Shannon divergence ∆(t) against
a coarse-grained divergence ˜∆(t) of the segment to be subdivided, to compute the
total strength of point-to-point fluctuations in ∆(t). Recursive segmentation termi-
nates when the area under ˜∆(t) falls below the desired signal-to-noise ratio.
All the most statistically significant segment boundaries will be discovered by
recursive segmentation using any of the three termination criteria. Based on the
experience in our previous work [1], these most statistically significant segment
boundaries are also discovered if we terminate the recursive segmentation when no
new optimized segment boundaries with Jensen-Shannon divergence greater than
a cutoff of ∆0 = 10 are found. This choice of cutoff is consistent with the stan-
dard errors δ∆ calculated using Eq. (B.5) and the eventual sizes of the segments,
although it sometimes result in long segments whose internal segment structures
are masked by their context [54]. For these long segments, we progressively lower
the cutoff ∆0 until a segment boundary with strength ∆ > 10 appears. The final
segmentation then consists of segment boundaries discovered through the auto-
mated recursive segmentation, as well as segment boundaries discovered through
progressive refinement of overly long segments.
Before we move on to describe how segments are grouped into a small number
of classes based on their statistical similarities, let us also discuss how the seg-
mentation procedure will perform if the volatility σ(t) = σ1(t)+σ2(t) consists not
only of a deterministic part σ1(t), but also receives contribution from a stochastic
part σ2(t). For our segmentation procedure to work, σ1(t) and σ2(t) = β(t) dZ(t)
must change abruptly from one segment to the next. Here, β(t) is a deterministic
parameter, and dZ(t) is a stochastic variable drawn from any standard distribu-
tion. Whether it is σ1(t), β(t), or both, that is undergoing a sudden transition, this
change point will be detected if it is statistically significant (and thus likely to be
economically meaningful). In this sense, we do not need to specifically worry
about any stochastic contributions to the segment volatilities.
2.3. Clustering
After the time series segmentation is completed, we end up with between 100
and 150 segments for each economic sector index. For each time series, a segment
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is statistically distinct from the segment before it as well as the segment after it.
However, distant segments can be statistically similar to each other. In this way,
we expect the large number of segments may actually represent a smaller number
of segment types or classes. This was the case when Azad et al. segmented the
human chromosome 22, and found that the 248 segments can be classified into 53
segment types [55]. In fact, there is good reason to believe that the time series
segments we obtained can actually be organized into a small number of classes,
each representing a macroeconomic phase.
The procedure of assigning a large number of objects into a smaller number of
collections, such that within each collection, the objects are more similar to each
other than they are with objects from another collection, is known as clustering
or classification (see for example, the books by Mirkin [56] and by Halgamuge
and Wang [57], or the review by Jain [58]). Clustering algorithms can be broadly
classified as partitional or hierarchical. In the k-means algorithm [59, 60], which
is the representative algorithm for partitional clustering, we decide beforehand
that there are k clusters, and assign each data point to a cluster, such that the
sum of square deviations to the k means is minimized by varying the centers of
the clusters as well as the cluster assignment. In single linkage clustering [61,
62], by far the most popular hierarchical clustering algorithm, small clusters are
progressively merged into larger clusters, by first merging clusters that are closest
together. In this clustering algorithm, the ‘distance’ between two clusters is given
by the smallest ‘distance’ between their constituents.
Clustering of different periods within a financial time series has been previ-
ously investigated by van Wijk et al. [63] and Fu et al [64], with the goal of dis-
covering patterns that can be used for doing prediction. In this paper, we perform
hierarchical agglomerative clustering of the time series segments to organize them
into different macroeconomic phases. We do this for each US economic sector in-
dex independently, because the same macroeconomic phase may exhibit different
statistical characteristics in different indices. Also, as we are interested in discov-
ering macroeconomic phases, we use the complete link algorithm [65], favored
by social scientists for producing compact clusters with the maximum internal
homogenuity. We do not use the single link algorithm, which is more meaningful
in the biological sciences because it corresponds more closely with the nature of
evolutionary changes, since it tends to produce loose and elongated clusters [66].
There are many ways to extract clusters from a hierarchical clustering tree.
For example, in the hierachical clustering tree of time series segments of the Dow
Jones Industrial Average shown in Fig. 6, we can group the segments into two
clusters, if we choose the threshold statistical distance, measured by the Jensen-
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Shannon divergence between segments, to be 249.3 < ∆ < 739.1, or three clus-
ters, if we choose the threshold statistical distance to be 102.2 < ∆ < 249.3. We
can also group the segments into six clusters (different from the ones identified
by colors), if we choose the threshold statistical distance to be 31.3 < ∆ < 34.4.
However, unlike time series segmentation, the statistical criterion for a meaning-
ful clustering is not significance, but robustness. A robust cluster is one whose
composition does not change over a broad range of threshold statistical distances.
At a higher level, a robust clustering is one in which the number of clusters does
not change over a broad range of threshold statistical distances. Once we under-
stand this different statistical concern, we can even work with different thresholds
for different clusters. In Fig. 6, we make use of this flexibility to identify the six
colored clusters for the Dow Jones Industrial Average.
31.3
739.1
249.3
42.7
102.2
34.4
2346 6
Figure 6: The complete-link hierarchical clustering tree for the time series segments of the Dow
Jones Industrial Average between January 1997 and August 2008. In this tree, we show the Jensen-
Shannon divergence values at which the top branches diverge. We also show how uniform thresh-
olds can be selected to break the tree into two, three, four, or six clusters. Finally, we show how
individual thresholds can be selected to obtain the six clusters reported in Ref. [1], which are
colored in increasing order of market volatility as deep blue, blue, green, yellow, orange, and red.
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In the same way, we analyzed the hierarchical complete-link clustering trees
obtained for the ten US economic sector indices, and selected between four to six
coarse-grained clusters for each index. In general, we choose to work with be-
tween four and six clusters, instead of fewer or more, because we want to map the
clusters to the four macroeconomic phases, growth, crisis, correction, and crash,
identified by economists. This mapping between clusters and macroeconomic
phases, as well as the color scheme used in all the time series plots in this paper,
is shown in Table 3. We have shown in Ref. [1] that this association between clus-
ters and macroeconomic phases is reasonable, by correctly identifying the start
and end of crises and growths of the US economy from 1997 to 2008. In this pa-
per, we hope that similar analysis based on the temporal distributions of clustered
segments for the ten US economic sectors, presented in Sections 3, 4, and 5, will
shed more light on the sectorial dynamics within the US economy.
3. Temporal distributions of clustered segments: general features
As expected, the time series of different economic sectors exhibit different
temporal distributions of clustered segments (see Appendix Appendix B for com-
plete listings of time series segments found for the ten DJUS indices). However,
based on the distributions of high-volatility segments (which are dominant dur-
ing financial crises) and low-volatility segments (which are dominant during the
economic expansion phase), we see that all economic sectors went into the high-
volatility phase during the previous financial crisis, reverted to the low-volatility
phase, and then entered the high-volatility phase again during the present global
financial crisis. Our main interest lies in whether we can draw meaningful infer-
ences on the causal relationships between the various US economic sectors, by
studying these consistent time series features that emerge during recovery from
the previous financial crisis, and the onset of the present financial crisis.
3.1. Recovery from mid-1998 to mid-2003 financial crisis
For any given US economic sector, its time series segment boundaries are not
equally significant. Some segment boundaries have large ∆∗, and are thus highly
significant statistically. Other segment boundaries have ∆∗ just above our cut-
off of ∆0 = 10, and are thus less significant statistically. When we cluster these
time series segments, we not only group temporally distant segments which are
statistically similar, we also group adjacent segments separated by statistically
weaker boundaries. In our temporal distribution of clustered segments plot, ad-
jacent segments assigned to the same cluster will be mapped to the same color.
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Table 3: Heat-map-like color scheme for the different volatility clusters, and the macroeconomic
phases they correspond to. The crisis phase, which consists of the high-volatility (yellow) and
very-high-volatility (orange) clusters, is significantly longer than the economic contraction phase
accepted by economists. In fact, economic contraction, as determined by successive quarters of
contraction in the GDP, typically occurs at the end of a crisis phase. Also shown are the average
standard deviation in each phase for the various economic sectors. Ideally, if we believe there
are only four distinct macroeconomic phases, we can use various methods found in the broader
statistics literature (for instance, by building and calibrating a hidden Markov model [67–73]) to
determine the volatility distributions in each of these four macroeconomic phases. Once these
volatility distributions are discovered, a given segment volatility can then be assigned to a macroe-
conomic phase using likelihood-based measures. However, we would like to discover for ourselves
the numbers of robust volatility classes, without assuming that they are the same for all economic
sectors. In other words, we let the high-frequency time series data tell us what volatility classifica-
tion is most ‘natural’ for each of the ten DJUS economic sector indices. We find that the segment
volatilities for BM, HC, IN, NC, TC, TL, UT can be most naturally organized into five clusters,
whereas those for CY, EN, FN can be most naturally organized into six clusters (the sixth being
an extremely-low-volatility cluster). During the segment clustering, we also did not assume the
same ranges of volatilities across all indices for the same cluster. But as we can see, within each
macroeconomic phase, the average volatilities discovered by the clustering procedure are fairly
consistent throughout most sectors. The exceptions are HC and TL, which have consistently lower
volatilities. We could have introduce a seventh cluster with volatility σ ≈ 0.008, and reclassified
all the clusters. This will produce a deterministic mapping between volatility and color, but we
choose not to, so as to achieve maximum visual contrast with the present color scheme.
volatility extremely low low moderate high very high extremely high
color black blue green yellow orange red
phase growth correction crisis crash
BM - 0.0016 0.0037 0.0046 0.0069 0.0146
CY 0.0005 0.0015 0.0023 0.0031 0.0053 0.0121
EN 0.0010 0.0014 0.0027 0.0037 0.0058 0.0152
FN 0.0007 0.0016 0.0024 0.0039 0.0058 0.0134
HC - 0.0006 0.0016 0.0023 0.0041 0.0076
IN - 0.0013 0.0022 0.0035 0.0056 0.0140
NC - 0.0009 0.0015 0.0022 0.0034 0.0085
TC - 0.0019 0.0030 0.0042 0.0082 0.0121
TL - 0.0008 0.0018 0.0024 0.0033 0.0078
UT - 0.0014 0.0023 0.0030 0.0038 0.0088
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Conversely, adjacent segments which are colored differently must have been as-
signed to different clusters, because they have highly dissimilar statistics, and
hence the boundary separating them is highly significant statistically. For exam-
ple, as shown in Appendix Appendix B, the extremely-high-volatility segment
m = 9 of BM (σ = 0.006626 ± 0.001210) is flanked by the low-volatility seg-
ments m = 8 (σ = 0.001186±0.000040) and m = 10 (σ = 0.001354±0.000062).
The Jensen-Shannon divergence of the boundary between m = 8 and m = 9 is
∆ = 103.0 ± 2.7, whereas the Jensen-Shannon divergence of the boundary be-
tween m = 9 and m = 10 is ∆ = 35.0 ± 2.5. Furthermore, because the clusters
we identified from the hierachical clustering tree are highly robust, the set of time
points where the color in the temporal distribution change is also highly robust.
We therefore design our feature extraction methodology around this set of statis-
tically significant and robust segment boundaries.
Figure 7: Temporal distribution of the clustered segments for the time series of UT, beween 14
February 2000 and 31 August 2008. Based on the working definition described in the text, the
utilities sector recovered from the mid-1998 to mid-2003 financial crisis on 6 August 2003 as
indicated.
As a working definition, an economic sector is deemed to have recovered from
the high-volatility phase, when we can identify in its time series low-volatility seg-
ments that run for longer than two months. The choice of the two-month duration
is arbitrary, but as shown in the clustered segments of UT in Fig. 7 for exam-
ple, we find that the ‘post-recovery’ time series always consists predominantly
of low-volatility segments, interrupted infrequently by moderate-volatility market
correction phases. With this definition, we find a very clear pattern of a temporally
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extended recovery in the ten economic sectors from the previous financial crisis.
As shown in Fig. 8, EN and BM led the US economic recovery around April/May
2003, followed by FN and UT in early August 2003, CY and IN in mid-October
2003, NC and HC around November/December 2004, TL in mid-June 2004, and
finally TC in mid-September 2004. The time interval between the first sector re-
covering and the last sector recovering is roughly one and a half years. Unless the
present inner workings of the US economy is entirely different from what it was
ten years ago, we believe this is the time scale US policy makers have to wrestle
with to achieve complete economic recovery from the current financial crisis.
Figure 8: Temporal distributions of clustered segments for the time series of all ten US economic
sectors between April 2002 and September 2004, showing the sequence of recovery from the mid-
1998 to mid-2003 financial crisis.
From Fig. 8, we see that the last sector to recover from the previous financial
crisis (mid-1998 to mid-2003) is TC. This is understandable, because the previ-
ous financial crisis was the result of the technology bubble bursting, so it would be
natural for investors to stay away from the technology sector while the economy is
recovering. The observation that TL is the second-to-last sector to recover is also
understandable: the fortunes of the telecommunications sector is most strongly
20
tied to that of the technology sector. In general, the more ‘basic’ economic sectors
recover ahead of the more ‘advanced’ economic sectors, because the output of the
former must be consumed by the latter to drive the economic recovery. The other
feature clearly visible in Fig. 8 is the pairwise recovery by (EN, BM), (FN, UT),
(CY, IN), and (NC, HC). We suspect such pairings suggest closer causal relation-
ship between members of the pairs. To ensure that the pairings observed in the
recovery sequence, and also in the onset sequence we report in the next subsec-
tion, are economically meaningful and not merely accidental, we will analyze this
causal proximity more carefully in Section 4. An understanding of the distribution
of causal distances between economic sectors is clearly critical to policy making.
(a) (b)
(c) (d)
Figure 9: Temporal distributions of clustered segments between 14 February 2000 and 31 August
2008, showing the onsets of the present financial crisis in the (a) BM and (b) FN sectors, and also
the anomaly in the (c) EN sector. Also shown is the (d) price of crude oil, which started rising
sharply after the mid-2003 economic recovery.
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3.2. Mid-2007 onset of current global financial crisis
Analogous to our working definition of an economic recovery, we define the
start of the high-volatility phase (the present financial crisis) in an economic sector
time series as the end of the final low-volatility phase lasting longer than two
months. In Fig. 9, we show the temporal distributions of clustered segments for
(a) BM, (b) FN, and (c) EN. The start dates of high-volatility phases in FN and
BM are 20 June 2007 and 23 July 2007 respectively, consistent with our earlier
finding that the current global financial crisis started in July 2007. The EN sector,
however, is an anomaly, because based on our working definition, the start of the
high-volatility phase for EN would be 24 February 2005. In reality, the volatility
of the EN sector time series is only moderate between 2005 and 2007, so what we
are seeing in Fig. 9(c) is an extremely extended market correction phase, driven
by the ever rising oil price (Fig. 9(d)).
Figure 10: Temporal distributions of clustered segments for the time series of all ten US economic
sectors between 23 May 2007 and 29 August 2008, showing the sequence of descent into the
present financial crisis.
This anomaly aside, the pattern of clustered segments observed (see Fig. 10)
for the mid-2007 onset of the present global financial crisis stands in stark con-
trast to the mid-2003 recovery from the previous financial crisis. Firstly, the time
scale of the onset is very much shorter. Starting with NC/UT on 23 May 2007,
HC/IN/TL on 4 June 2007, FN on 20 June 2007, TC on 17 July 2007, BM on 23
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July 2007, and CY on 25 July 2007, the US economy went from the first sector
to the last sector into the high-volatility phase in a mere two months! Secondly,
the synchronized or nearly-synchronized groups of economic sectors are differ-
ent: (NC, UT), (HC, IN, TL), (BM, CY). Thirdly, and most importantly, whereas
the time series dynamics during the mid-2003 economic recovery appears to be
driven by endogeneous interactions between the ten economic sectors, the time
series dynamics during the mid-2007 breakdown of the global financial machin-
ery appears to be driven by exogeneous factors. We will discuss in greater details
this last observation in Section 5.
To date, the many accounts [74–80] of the present global financial crisis paint
a complex picture of how the crisis came to pass. Our analysis suggests that the
reasons behind the collapse of investor confidence worldwide might be even more
complicated. Instead of being led by a crisis in the homebuilding and property
industries, and the ensuing waves of mortgage defaults silently catching up to
the financial institutions, we find the declines in the UT, HC, IN, and TL sectors
between those of NC and FN, whose downfalls were nearly one month apart. If
we were to assume that these four sectors were not at fault, and were merely
collateral damage and early sacrifices of the subprime excesses, then fully half of
the US economic sectors were in trouble before the financials found themselves
in thick soup. One might wonder why no one saw and acted on these writings on
the wall.
4. Shock-by-shock causal-link analysis
Perhaps no one understood these signs of the times, because they are written
in the language of statistical fluctuations. In general, people understand things
better if they are cast in relational terms, for example, cause and effect, leader and
follower, etc. In this section, we map out probable causal links between the ten
US economic sectors, based on the temporal distributions of the clustered seg-
ments, and their associated statistics. We do this first for the entire high-volatility
phase prior to the mid-2003 economic recovery, and then for corresponding high-
volatility shocks (to be defined later) preceding the mid-2003 economic recovery.
Finally, we analyze corresponding high-volatility shocks after the July 2007 onset
of the present financial crisis.
4.1. The entire high-volatility phase prior to mid-2003 economic recovery
From Fig. 8, we can very roughly see that the later the start of recovery, the
longer the high-volatility phase. This positive correlation between the start of re-
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covery and duration of high-volatility phase can be seen more clearly in the form
of a scatter plot (Fig. 11(a)). However, causal relationships between economic
sectors are not so clear from the scatter plot. When the same information is pre-
sented as a rank plot in Fig. 11(b), the causal relationships become clearer. In fact,
only in the rank plot is it clear that HC and UT are outliers during the recovery
from the previous financial crisis. In going from a scatter plot to a rank plot, we
have gone from parametric statistics to nonparametric order statistics. It is well
known in the statistics community that order statistics, being much less sensitive
to how well parameters are estimated, allows us to arrive at much more robust
conclusions on trends and outliers [81, 82].
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Figure 11: (a) Scatter plot and (b) rank plot of the start of economic recovery against duration
of the high-volatility phase preceding the mid-2003 recovery from the previous financial crisis.
As expected from causal tree analogy, there is a positive correlation between when the economic
recovery starts, and how long the high-volatility phase lasts. Surprising outliers such as HC and
UT can also be clearly identified from the rank plot.
It would be interesting to perform a similar analysis for the present financial
crisis, to compare and to contrast. However, at the time of writing, this crisis is
not yet over. It is also tempting, based on the robustness of the rank plot results
shown in Fig. 11(b), to expect EN, FN and BM to again lead the recovery (or
at least be very close to the start of the complete recovery), and that recovery in
CY will precede IN, which will in turn precede NC, as suggested by Fig. 11(b).
However, we must remind ourselves of the difference between robustness and
significance. A given sequence is only meaningful, and predictive, only if it is
robustly determined, and its appearance statistically significant compared against
the null hypothesis of the sequence appearing by chance. To establish that tempo-
ral proximity in their response is a statistical significant indicator of causal prox-
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imity between two US economic sectors, we analyze various rank plots of the ten
US economic sectors at the shock-by-shock level, for both the period prior to the
mid-2003 economic recovery, as well as the period after the mid-2007 start of the
Subprime Crisis. Basically, a significant and robust sequence is one that we expect
to see over and over again in the following shock-by-shock analysis.
4.2. Very-high-volatility shocks prior to mid-2003 economic recovery
To repeat the causal-link analysis presented above on the more detailed level of
individual shocks, which are periods in the time series characterized by high mar-
ket volatilities, we observe the presence of corresponding shocks in the different
sectors. These can be identified based on the volatility, or the direction of volatility
change. In Fig. 12, we highlight a pair of very-high-volatility shocks (July 2002
and October 2002) experienced by most of the economic sectors around the 2002
low of the major US indices. For most economic sectors, this is the last extended
very-high-volatility shocks experienced prior to the mid-2003 economic recovery.
Figure 12: The pair of very-high-volatility shocks identified in most US economic sectors. The
July 2002 shock is missing from HC and TC, but can be substituted for by a high-volatility shock
in HC. The same cannot be done for TC, since its high-volatility shock straddles both the July
2002 and October 2002 shocks. The October 2002 shock is missing from EN, HC, and TC. No
substitutions for these missing shocks can be made.
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In Fig. 13 we show the scatter plots of the duration and strength of the shocks
against the start of the shocks. As expected from our causal tree analogy, there
is a negative correlation between duration of shock and start of shock. This rela-
tionship is clearer for the first (July 2002) shock (Fig. 13(a)), and less clear for the
second (October 2002) shock (Fig. 13(b)), where the starting dates of BM, CY,
FN, IN and TL are highly clustered. Based on our causal tree analogy, we also ex-
pect a leading sector to experience a stronger shock compared to a trailing sector.
This translates to an expected negative correlation between the Jensen-Shannon
divergence value of the leading boundary of the very-high-volatility shocks and
the start of the shock. Here, let us recall that the larger ∆∗ is, the more statistically
different the very-high-volatility shock is from the preceding segment, and thus
the stronger the shock.
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Figure 13: Scatter plots of duration against starting time (top, (a) for July 2002 shock, and (b)
for October 2002 shock) and of strength (as measured by the Jensen-Shannon divergence of the
leading boundary of the shock) against starting time (bottom, (c) for July 2002 shock, and (d) for
October 2002 shock).
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Figure 14: Rank plots of duration against starting time (top, (a) for July 2002 shock, and (b)
for October 2002 shock) and of strength (as measured by the Jensen-Shannon divergence of the
leading boundary of the shock) against starting time (bottom, (c) for July 2002 shock, and (d) for
October 2002 shock).
However, the scatter plots (c) and (d) in Fig. 13 suggests something more
complex and more interesting. For the first shock, a negative correlation between
Jensen-Shannon divergence and start was observed for IN, UT and FN, but a pos-
itive correlation is observed for TL, HC, NC, BM, and EN. In this first shock, CY
is an outlier, which is not clear from Fig. 13(a). For the second shock, we see
surprisingly from Fig. 13(d) a strictly positive trend for all participating sectors.
These trends, which can be seen even clearer on the rank plots shown in Fig. 14,
can only be explained if there is amplification as volatility shocks propagate from
one sector to another in the causal tree. If this amplification is linear, and is weaker
than the expected linear dissipation, we would expect to see dissipative propaga-
tion of volatility shocks all the time. Conversely, if the linear amplification is
stronger than the linear dissipation, we would expect to see amplified propagation
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of volatility shocks all the time. In our plots, we see mostly dissipative propaga-
tion of volatility shocks, and amplification only occasionally. This suggests that
the amplification of volatility shocks is of a nonlinear nature.
4.3. High-volatility shocks after mid-2007 onset of present financial crisis
As we shall show in the next section, the temporal distributions of clustered
segments right after the onset of the present financial crisis appears to be strongly
driven by the Federal Reserve interest rate cuts. The clustered segment boundaries
between some economic sectors coincide to within a day or two of the the dates
interest rates are revised. This observation is highly significant, given the statis-
tical significance and robustness of the clustered segment boundaries. However,
because of this strong driving, nearly all scatter plots are highly clustered and not
very informative. In contrast, rank plots constructed based on the precise half-
hour of the segment boundaries are more informative. In Fig. 15, we show the
rank plots for two high-volatility shocks (end-July 2007 and end-January 2008)
and one very-high-volatility shock (mid-January 2008).
In Fig. 15, we find the negative correlations between duration and starting
time, as well as between strength and starting time for all three shocks expected
from the causal tree analogy. However, there are several surprises. First, differ-
ent statistical outliers are identified from different shocks, and also from different
rank plots. For the first high-volatility shock (end-July 2007), NC experienced
a much longer shock, whereas CY experienced a much stronger shock than ex-
pected from their respective starting times. For the very-high-volatility shock
(mid-January 2008), FN experienced a much shorter shock, whereas UT experi-
enced a stronger shock than expected from their respective starting times. For the
second high-volatility shock (end-January 2008) immediately following the very-
high-volatility shock, we find FN, CY, and HC experiencing much weaker shocks
than expected based on the starting times of their respective shocks. As suggested
earlier, this is the signature of nonlinear amplification of the volatility shock as it
propagates from FN to CY to HC. Second, from the rank plot of strength against
starting time of the very-high-volatility shock, we detect two different clusters
of economic sectors, (CY, FN, BM, IN) and (TL, EN, NC, HC). This statistical
feature suggests that there are two (or perhaps more) shocks propagating in tan-
dem through the US economy around mid-January 2008. Third, the orderings in
the duration versus starting time rank plots are different for the first and second
high-volatility shocks, suggesting that causal links in the US economy are highly
dynamic, and constantly rearranging themselves.
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Figure 15: Rank plots of duration against starting time (left column) and of strength against starting
time (right column) for (i) the end-July 2007 high-volatility shock ((a) and (b)), (ii) the mid-
January 2008 very-high-volatility shock ((c) and (d)), and (iii) the end-January 2008 high-volatility
shock ((e) and (f)) showing the positive correlation expected from the causal tree analogy. Apart
statistical outliers, the most prominent features seen in these plots are the surprising organization
of economic sectors into two clusters, (CY, FN, BM, IN), and (TL, EN, NC, HC) during the
mid-January 2008 very-high-volatility shock, and the unexpectedly weak high-volatility shocks
experienced by FN, CY, and HC.
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Figure 16: Federal reserve interest rate cuts during the onset of the present financial crisis, su-
perimposed onto the temporal distributions of clustered segments of the ten US economic sectors
between 23 May 2007 and 29 August 2008. Assuming the goal of an interest rate cut is to calm
the market down, we find the first two cuts effective, the next three cuts counter-effective, and the
last two cuts ineffective. Also shown are circles indicating anticipation of the interest rate cuts on
17 August 2007 and 11 December 2007.
5. The (near) futility of interest rate cuts
After the subtle and statistically weaker onset signatures between May and
July 2007, most of the important shocks in different economic sectors occur within
a day or two of each other, and appear to be exogeneously driven by Federal
Reserve interest rate cuts, as shown in Fig. 16. In BM, TC, and TL, we see brief
volatility movements a few days to a week before two interest rate cuts (circled in
Fig. 16), suggesting that these sectors were anticipating the rate cuts. Naturally,
all fiscal policies are double-edged swords. According to Investopedia [83], a
decrease in interest rates is supposed to move money from the bond market to the
stock market. It is also supposed to allow businesses to finance their expansion at
a cheaper rate, increase their future earnings, and thereby bring about higher stock
prices. Even though an interest rate cut erodes the banks’ ability to make money
(since the main business of banks is to lend money), the overall psychological
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impact of interest rate cuts is regarded as positive, more so during a financial
crisis. Taking the investors’ sentiments into account, it is likely that interest rate
cuts were implemented during the onset of the Subprime Crisis to calm the market.
Indeed, looking at Fig. 16, the first rate cut on 17 August 2007 appears to be
highly effective, in the sense that market volatilities fell across a broad spectrum
of economic sectors right after the cut. The only exception is NC, which did not
respond to this first rate cut. In comparison, the second rate cut on 18 September
2007 appears to be slightly less effective. On 18 September, TC and CY were
already in the low-volatility phase, so we do not expect the second rate cut to
do anything to these sectors anyway. However, even after factoring in anticipa-
tions and lags, BM and EN, which were in the moderate-volatility phase, did not
respond to this second rate cut. More interestingly, the next three rate cuts, on
31 October 2007, 11 December 2007, and 22 January 2008, appear to have the
opposite effect as intended, increasing (instead of lowering) market volatilities in
a number of economic sectors. Most notably, NC, HC, TC and BM reacted ad-
versely to all three rate cuts. Finally, we observe that the last two rate cuts, on 18
March 2008 and 30 April 2008, do not coincide with any of the clustered segment
boundaries. As far as we can tell, the interest rate cuts were ineffective in evoking
any kind of response from the market. This is especially true for the last rate cut
on 30 April 2008.
Similar interest rate cut driven dynamics were seen in 2001, the year the US
economy was officially in recession. However, the picture on whether interest rate
cuts by the Federal Reserve (see Table 4) is an effective tool for macroeconomic
manipulations is a lot less clear. As we can see from Fig. 17(a), successive interest
rate cuts alternates between counter-effective (market volatilities increased in most
economic sectors) and effective (market volatilities decreased in most economic
sectors), before losing its effectiveness (no change in market volatilities for most
economic sectors) in the last few cuts. This ineffectiveness of interest rate cuts
continued into 2002 and 2003 (see Fig. 17(b)), when the US economy started
recovering from the previous financial crisis.
6. Conclusions
To understand the causal links and processes within the US economy, we per-
formed in this paper a comparative segmentation and clustering analysis of the
time series data between 14 February 2000 and 31 August 2008 for the ten Dow
Jones US economic sector indices. Based on general features of the temporal dis-
tributions of clustered segments, we see a clear pattern of economic recovery from
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(a)
(b)
Figure 17: Federal Reserve interest rate adjustments made (a) between March 2000 and March
2002, prior to the 2002 low for major US indices, and (b) between April 2002 and September
2004, superimposed onto the temporal distributions of clustered segments of the ten US economic
sectors. The interest rate cut alternates between being counter-effective and effective, before be-
coming mostly ineffective.
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Table 4: Changes in the Federal Reserve interest rate between February 2000 and September 2004.
S/No. Date Change (%) New Rate (%)
1 16 May 2000 +0.50 6.50
2 3 January 2001 −0.50 6.00
3 31 January 2001 −0.50 5.50
4 20 March 2001 −0.50 5.00
5 18 April 2001 −0.50 4.50
6 15 May 2001 −0.50 4.00
7 27 June 2001 −0.25 3.75
8 21 August 2001 −0.25 3.50
9 17 September 2001 −0.50 3.00
10 2 October 2001 −0.50 2.50
11 6 November 2001 −0.50 2.00
12 11 December 2001 −0.25 1.75
13 6 November 2002 −0.50 1.25
14 25 June 2003 −0.25 1.00
15 30 June 2004 +0.25 1.25
the mid-1998 to mid-2003 financial crisis, and also a clear pattern of descent into
the present global financial crisis. In particular, we saw how EN and BM led the
one-and-a-half-year long recovery from the previous financial crisis precipitated
by TC, and how NC and UT led the two-month-long decline into the present fi-
nancial crisis. Apart from the greatly differing time scales between recovery and
onset, our study also reveals that on a macroscopic scale, the economic sector go-
ing first into a financial crisis recovers the last, and the last economic sector to be
in trouble recovers first.
From the temporal distributions of clustered segments, we were also able to
identify corresponding shocks in the different economic sectors, based on the
volatility, or the direction of volatility change. Our shock-by-shock causal-link
analysis thereafter reveals on a mesoscopic level that leading sectors experience
a stronger and longer shock, whereas trailing sectors experience a weaker and
shorter shock. We also observe in general that corresponding shocks start in close
temporal proximity to each other within the most closely related sectors. These
general observations are robust, because they are derived from the order statistics
of the starting dates, durations, and strengths of shocks in the various economic
sectors. These observations are also modestly significant, even though the sample
size is small, because they are repeatedly observed for different shocks in differ-
ent historical periods. More importantly, these general observations are consistent
with the causal tree analogy we developed, which helps us simplify our mental
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model of the response of an economy to financial crises. In addition to dissipa-
tive propagation of volatility shocks from one economic sector to another, we also
find evidences for nonlinear amplification, and complex sectorial structures for
the propagating shocks that suggest a highly dynamic US economy.
Most interestingly, while the mid-2003 economic recovery appears to be driven
by endogeneous interactions within the US economy, the dynamics during the
mid-2007 onset of the Subprime Crisis appears to be strongly driven by the Fed-
eral Reserve interest rate cuts. By comparing the dates interest rates were cut to
the statistical significant boundaries of clustered segments, we find that the first
few interest rate cuts are effective, i.e. market volatility decreases across a broad
spectrum of economic sectors. Surprisingly, the next few interest rate cuts are
counter-effective, in the sense that the market volatility increases after the rate cut
in most economic sectors. Thereafter, the volatilities in most economic sectors
stop responding to further interest rate cuts, which have thus become ineffective.
A slightly more complex pattern of interest rate cuts alternating between effective
and counter-effective, before becoming ineffective, was also found during 2001
(the year the US economy officially went into a recession). The moral of the
story is clear: an interest rate cut by the Federal Reserve is not a magic bullet,
nor panacea for all our economic woes, but must be administered sparingly to be
effective.
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Appendix A. Top components of Dow Jones US economic sector indices
Appendix A.1. Basic Materials
ISIN/Ticker Company Adjusted Weight
FCX Freeport-McMoRan Copper & Gold Inc. 10.29%
DD E.I. DuPont de Nemours & Co. 9.12%
DOW Dow Chemical Co. 7.70%
NEM Newmont Mining Corp. 6.14%
PX Praxair Inc. 6.13%
APD Air Products & Chemicals Inc. 3.67%
BTU Peabody Energy Corp. 3.38%
AA Alcoa Inc. 2.89%
PPG PPG Industries Inc. 2.78%
ECL Ecolab Inc. 2.41%
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Appendix A.2. Consumer Services
ISIN/Ticker Company Adjusted Weight
WMT Wal-Mart Stores Inc. 7.28%
MCD McDonald’s Corp. 5.33%
DIS Walt Disney Co. 4.15%
AMZN Amazon.com Inc. 3.90%
HD Home Depot Inc. 3.28%
CVS CVS Caremark Corp. 2.70%
CMCSA Comcast Corp. Cl A 2.64%
TGT Target Corp. 2.44%
DTV DIRECTV Group Inc. 2.30%
WAG Walgreen Co. 2.18%
Appendix A.3. Oil & Gas
ISIN/Ticker Company Adjusted Weight
XOM Exxon Mobil Corp. 25.57%
CVX Chevron Corp. 11.68%
SLB Schlumberger Ltd. 7.59%
COP ConocoPhillips 6.01%
OXY Occidental Petroleum Corp. 5.14%
APA Apache Corp. 2.96%
HAL Halliburton Co. 2.47%
APC Anadarko Petroleum Corp. 2.28%
DVN Devon Energy Corp. 2.08%
NOV National Oilwell Varco Inc. 1.84%
Appendix A.4. Financials
ISIN/Ticker Company Adjusted Weight
JPM JPMorgan Chase & Co. 7.50%
WFC Wells Fargo & Co. 6.73%
BAC Bank of America Corp. 5.50%
C Citigroup Inc. 5.04%
GS Goldman Sachs Group Inc. 3.40%
BRK/B Berkshire Hathaway Inc. Cl B 3.38%
AXP American Express Co. 2.32%
USB U.S. Bancorp 2.30%
V VISA Inc. Cl A 1.85%
BK Bank of New York Mellon Corp. 1.65%
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Appendix A.5. Healthcare
ISIN/Ticker Company Adjusted Weight
JNJ Johnson & Johnson 12.56%
PFE Pfizer Inc. 9.68%
MRK Merck & Co. Inc. 7.82%
ABT Abbott Laboratories 5.28%
AMGN Amgen Inc. 3.72%
BMY Bristol-Myers Squibb Co. 3.20%
UNH UnitedHealth Group Inc. 3.03%
MDT Medtronic Inc. 2.68%
LLY Eli Lilly & Co. 2.44%
GILD Gilead Sciences Inc. 2.26%
Appendix A.6. Industrials
ISIN/Ticker Company Adjusted Weight
GE General Electric Co. 10.45%
UTX United Technologies Corp. 4.03%
MMM 3M Co. 3.39%
UPS United Parcel Service Inc. Cl B 3.10%
CAT Caterpillar Inc. 2.98%
UNP Union Pacific Corp. 2.77%
BA Boeing Co. 2.58%
EMR Emerson Electric Co. 2.57%
HON Honeywell International Inc. 2.15%
DE Deere & Co. 1.95%
Appendix A.7. Consumer Goods
ISIN/Ticker Company Adjusted Weight
PG Procter & Gamble Co. 13.34%
KO Coca-Cola Co. 10.35%
PM Philip Morris International Inc. 8.02%
PEP PepsiCo Inc. 7.91%
F Ford Motor Co. 4.09%
MO Altria Group Inc. 3.85%
KFT Kraft Foods Inc. Cl A 3.73%
CL Colgate-Palmolive Co. 2.90%
MON Monsanto Co. 2.50%
NKE Nike Inc. Cl B 1.97%
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Appendix A.8. Technology
ISIN/Ticker Company Adjusted Weight
AAPL Apple Inc. 13.57%
MSFT Microsoft Corp. 9.33%
IBM International Business Machines Corp. 8.58%
GOOG Google Inc. Cl A 6.52%
INTC Intel Corp. 5.65%
CSCO Cisco Systems Inc. 5.31%
ORCL Oracle Corp. 4.98%
HPQ Hewlett-Packard Co. 4.73%
QCOM Qualcomm Inc. 3.61%
EMC EMC Corp. 2.11%
Appendix A.9. Telecommunications
ISIN/Ticker Company Adjusted Weight
T AT&T Inc. 44.32%
VZ Verizon Communications Inc. 24.29%
AMT American Tower Corp. Cl A 5.45%
CTL CenturyLink Inc. 3.47%
S Sprint Nextel Corp. 2.99%
CCI Crown Castle International Corp. 2.75%
Q Qwest Communications International Inc. 2.67%
FTR Frontier Communications Corp. 2.44%
VMED Virgin Media Inc. 2.03%
NIHD NII Holdings Inc. 1.72%
Appendix A.10. Utilities
ISIN/Ticker Company Adjusted Weight
SO Southern Co. 6.68%
EXC Exelon Corp. 5.61%
D Dominion Resources Inc. (Virginia) 5.28%
DUK Duke Energy Corp. 4.94%
NEE NextEra Energy Inc. 4.52%
PCG PG&E Corp. 3.96%
AEP American Electric Power Co. Inc. 3.67%
PEG Public Service Enterprise Group Inc. 3.38%
SE Spectra Energy Corp. 3.32%
ED Consolidated Edison Inc. 2.93%
Appendix B. List of time series segments
In this appendix, we list all time series segments identified by the recursive
segmentation procedure, for all ten DJUS economic sector indices. In the tables
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to follow, the start, end, and duration of each segment is given in terms of the
number of half hours since 14 February 2000. The actual calendar date for the
start of each segment is also given.
If segment m with nm half hours is indeed generated by a Gaussian process
with mean µm and standard deviation σm, the standard errors in estimating µm and
σm are given by the finite-sample formulas
δµm =
σm√
nm
(B.1)
and
δσm =
σm√
2(nm − 1)
. (B.2)
respectively. Even if segment m is generated by a different stochastic process,
these formulas are still useful for gauging the magnitudes of the standard errors in
µm and σm.
The Jensen-Shannon divergence ∆(m − 1,m) between successive segments
m − 1 and m are also given. Given that the Jensen-Shannon divergence between
successive Gaussian segments is a simple function (Eq. (4)) of the standard devi-
ations σL (of segment m − 1 with length nL), σR (of segment m with length nR),
and σ (of the combined supersegment with length n = nL + nR), we estimate the
error in ∆(m − 1,m) as
δ∆ = nL
δσL
σL
+ nR
δσR
σR
− n δσ
σ
. (B.3)
Here, we make use of the fact that δσ is positively correlated to δσL and δσR.
Using the fact that the fractional errors are
δσ
σ
=
1√
2(n − 1) ,
δσL
σL
=
1√
2(nL − 1)
,
δσR
σR
=
1√
2(nR − 1)
, (B.4)
for Gaussian segments, we arrive at the simplified expression
δ∆ =
nL√
2(nL − 1)
+
nR√
2(nR − 1)
− n√
2(n − 1) (B.5)
for the error in the Jensen-Shannon divergence ∆(m − 1,m).
The error δ∆ derived in Eq. (B.5) is independent of the data, and depends only
on the position t of the segment boundary. Fig. B.18 shows δ∆ for a segment of
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length n = 1000, which is largest when nL = nR = n/2. This maximum error
δ∆max grows with the length of the segment as
δ∆max =
√
n
(
1 − 1√
2
)
. (B.6)
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Figure B.18: Graph of the error δ∆ for the Jensen-Shannon divergence of a Gaussian segment of
length n = 1000.
The large majority of our time series segments are shorter than n = 1000.
Hence their Jensen-Shannon divergences ∆(m−1,m) ought to be compared against
standard errors δ∆ that are generally smaller than δ∆max = 9.26 for n = 1000.
Moreover, most of the time series segments longer than n = 1000 are enclosed
by very strong segment boundaries with very large Jensen-Shannon divergences.
This suggests that most of our segments, which are selected based on our empirical
cutoff ∆0 = 10, should be statistically significant.
In fact, for shorter segments, Eq. (B.6) tells us that we can adopt a cutoff lower
than 10, and still maintain their statistical significance. We do not do this, because
it would result in a large number of short but statistically significant intraday mar-
ket microstructure segments. One of our reasons for choosing the empirical cutoff
of ∆0 = 10 is to limit the emergence of such segments.
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Appendix B.1. Basic Materials
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 184 184 14/02/2000 −0.000282 ± 0.000155 0.002098 ± 0.000110 - high
2 185 312 128 02/03/2000 −0.000154 ± 0.000216 0.002448 ± 0.000154 11.0 ± 5.1 high
3 313 336 24 14/03/2000 0.004323 ± 0.000471 0.002306 ± 0.000340 11.3 ± 2.8 extremely high
4 337 388 52 16/03/2000 −0.000544 ± 0.000255 0.001839 ± 0.000182 10.7 ± 2.5 high
5 389 612 224 22/03/2000 0.000025 ± 0.000202 0.003024 ± 0.000143 10.0 ± 4.0 high
6 615 1196 582 18/04/2000 −0.000197 ± 0.000055 0.001325 ± 0.000039 106.0 ± 7.6 low
7 1197 1380 184 26/06/2000 0.000165 ± 0.000218 0.002955 ± 0.000154 82.0 ± 7.1 high
8 1381 1826 446 17/07/2000 −0.000034 ± 0.000056 0.001186 ± 0.000040 101.0 ± 6.8 low
9 1827 1842 16 30/08/2000 0.002377 ± 0.001656 0.006626 ± 0.001210 103.0 ± 2.7 extremely high
10 1845 2081 237 06/09/2000 −0.000677 ± 0.000088 0.001354 ± 0.000062 35.0 ± 2.5 low
11 2082 2388 307 28/09/2000 0.000290 ± 0.000153 0.002688 ± 0.000109 49.0 ± 6.8 high
12 2389 2609 221 30/10/2000 0.000010 ± 0.000135 0.002010 ± 0.000096 24.0 ± 6.7 high
13 2611 2725 115 20/11/2000 −0.000009 ± 0.000106 0.001134 ± 0.000075 23.2 ± 5.2 low
14 2726 3013 288 30/11/2000 0.000531 ± 0.000118 0.002004 ± 0.000084 18.5 ± 5.4 high
15 3014 3243 230 29/12/2000 −0.000379 ± 0.000185 0.002799 ± 0.000131 27.0 ± 6.7 high
16 3244 3658 415 26/01/2001 0.000281 ± 0.000074 0.001516 ± 0.000053 34.0 ± 7.2 moderate
17 3659 3689 31 09/03/2001 −0.001497 ± 0.000550 0.003063 ± 0.000395 75.0 ± 3.5 extremely high
18 3691 4005 315 14/03/2001 −0.000005 ± 0.000167 0.002962 ± 0.000118 16.8 ± 3.4 high
19 4020 4037 18 18/04/2001 0.001623 ± 0.000352 0.001495 ± 0.000256 60.0 ± 2.5 low
20 4038 4285 248 20/04/2001 0.000103 ± 0.000092 0.001455 ± 0.000065 18.0 ± 2.7 moderate
21 4286 4302 17 14/05/2001 0.000722 ± 0.001354 0.005581 ± 0.000987 52.0 ± 2.6 extremely high
22 4305 4320 16 15/05/2001 0.002978 ± 0.000270 0.001078 ± 0.000197 79.0 ± 1.7 low
23 4321 5070 750 21/05/2001 −0.000111 ± 0.000056 0.001535 ± 0.000040 63.3 ± 2.7 moderate
24 5071 5276 206 31/07/2001 −0.000067 ± 0.000063 0.000909 ± 0.000045 30.0 ± 7.7 low
25 5277 5327 51 20/08/2001 0.000439 ± 0.000404 0.002886 ± 0.000289 42.0 ± 3.9 high
26 5328 5396 69 24/08/2001 −0.000097 ± 0.000113 0.000935 ± 0.000080 23.0 ± 3.2 low
27 5397 5562 166 04/09/2001 −0.001400 ± 0.000418 0.005380 ± 0.000296 68.0 ± 4.2 extremely high
28 5565 5746 182 21/09/2001 0.000772 ± 0.000161 0.002172 ± 0.000114 51.0 ± 5.5 high
29 5747 7772 2026 11/10/2001 0.000062 ± 0.000032 0.001462 ± 0.000023 53.0 ± 8.2 moderate
30 7773 8094 322 02/05/2002 0.000037 ± 0.000058 0.001032 ± 0.000041 25.0 ± 10.3 low
31 8095 8411 317 03/06/2002 −0.000113 ± 0.000087 0.001549 ± 0.000062 31.0 ± 7.4 moderate
32 8412 8430 19 02/07/2002 0.001021 ± 0.000741 0.003228 ± 0.000538 12.2 ± 2.8 high
33 8431 8531 101 05/07/2002 −0.000604 ± 0.000141 0.001416 ± 0.000100 17.3 ± 2.5 low
34 8532 8772 241 12/07/2002 −0.000515 ± 0.000239 0.003713 ± 0.000169 92.0 ± 5.0 extremely high
35 8775 8899 125 05/08/2002 0.000469 ± 0.000237 0.002649 ± 0.000168 40.0 ± 5.4 high
36 8900 9266 367 16/08/2002 −0.000173 ± 0.000107 0.002045 ± 0.000076 11.0 ± 5.8 high
37 9267 9300 34 20/09/2002 −0.001283 ± 0.000642 0.003744 ± 0.000461 13.4 ± 3.6 extremely high
38 9301 9341 41 25/09/2002 −0.000238 ± 0.000215 0.001378 ± 0.000154 15.1 ± 2.6 low
39 9342 9558 217 27/09/2002 0.000233 ± 0.000238 0.003504 ± 0.000169 22.0 ± 3.6 extremely high
40 9559 9961 403 18/10/2002 0.000089 ± 0.000097 0.001955 ± 0.000069 41.0 ± 7.0 high
41 9962 11004 1043 27/11/2002 −0.000159 ± 0.000046 0.001494 ± 0.000033 21.0 ± 10.2 moderate
42 11005 11305 301 12/03/2003 0.000316 ± 0.000126 0.002192 ± 0.000090 35.0 ± 9.2 high
43 11306 11440 135 09/04/2003 0.000416 ± 0.000091 0.001054 ± 0.000064 99.0 ± 5.8 low
44 11441 11520 80 23/04/2003 −0.000192 ± 0.000223 0.001990 ± 0.000158 14.0 ± 4.2 high
45 11521 12401 881 01/05/2003 0.000096 ± 0.000040 0.001177 ± 0.000028 16.0 ± 5.4 low
46 12402 12492 91 23/07/2003 0.000443 ± 0.000182 0.001739 ± 0.000130 12.0 ± 5.7 moderate
47 12495 13120 626 31/07/2003 −0.000021 ± 0.000043 0.001078 ± 0.000030 19.0 ± 5.5 low
48 13121 13167 47 29/09/2003 0.000201 ± 0.000255 0.001750 ± 0.000182 10.0 ± 4.2 moderate
49 13170 13791 622 02/10/2003 0.000171 ± 0.000040 0.001003 ± 0.000028 33.0 ± 4.2 low
50 13792 14123 332 01/12/2003 0.000236 ± 0.000042 0.000770 ± 0.000030 15.5 ± 8.7 low
51 14124 14204 81 02/01/2004 −0.000130 ± 0.000175 0.001578 ± 0.000125 39.4 ± 4.9 moderate
52 14206 14758 553 14/01/2004 −0.000004 ± 0.000042 0.000990 ± 0.000030 17.3 ± 5.2 low
53 14759 14969 211 08/03/2004 −0.000170 ± 0.000112 0.001630 ± 0.000080 51.0 ± 7.4 moderate
54 14971 15202 232 29/03/2004 0.000110 ± 0.000070 0.001069 ± 0.000050 17.0 ± 6.2 low
55 15203 15552 350 20/04/2004 −0.000221 ± 0.000096 0.001803 ± 0.000068 21.0 ± 7.0 high
56 15555 15807 253 21/05/2004 0.000176 ± 0.000079 0.001259 ± 0.000056 16.0 ± 7.1 low
57 15810 16121 312 17/06/2004 0.000077 ± 0.000046 0.000815 ± 0.000033 28.0 ± 6.9 low
58 16122 16405 284 19/07/2004 −0.000180 ± 0.000080 0.001341 ± 0.000056 23.0 ± 7.2 low
59 16406 16422 17 13/08/2004 0.001882 ± 0.000670 0.002763 ± 0.000488 15.0 ± 2.7 high
60 16425 16856 432 16/08/2004 0.000089 ± 0.000039 0.000815 ± 0.000028 46.0 ± 2.7 low
61 16857 16997 141 27/09/2004 0.000324 ± 0.000087 0.001033 ± 0.000062 13.0 ± 6.2 low
62 16998 17015 18 11/10/2004 −0.002051 ± 0.000814 0.003454 ± 0.000592 74.0 ± 2.6 extremely high
63 17016 17268 253 13/10/2004 0.000223 ± 0.000082 0.001311 ± 0.000058 25.0 ± 2.7 low
64 17269 17382 114 05/11/2004 0.000114 ± 0.000056 0.000598 ± 0.000040 35.0 ± 5.3 low
65 17383 17399 17 16/11/2004 0.000411 ± 0.000538 0.002219 ± 0.000392 31.0 ± 2.5 high
66 17401 18073 673 18/11/2004 −0.000042 ± 0.000034 0.000889 ± 0.000024 21.0 ± 2.8 low
67 18074 18093 20 24/01/2005 0.000552 ± 0.000395 0.001768 ± 0.000287 11.0 ± 3.0 moderate
68 18094 18448 355 26/01/2005 0.000254 ± 0.000045 0.000841 ± 0.000032 13.0 ± 2.9 low
69 18449 18795 347 01/03/2005 −0.000134 ± 0.000068 0.001270 ± 0.000048 32.0 ± 7.8 low
70 18796 18881 86 04/04/2005 0.000017 ± 0.000088 0.000815 ± 0.000062 10.0 ± 5.1 low
40
m start end duration start date mean std dev ∆(m − 1,m) cluster
71 18882 19047 166 11/04/2005 −0.000430 ± 0.000154 0.001990 ± 0.000110 31.0 ± 4.5 high
72 19050 19065 16 26/04/2005 −0.000604 ± 0.000231 0.000925 ± 0.000169 45.0 ± 2.4 low
73 19066 19275 210 28/04/2005 0.000052 ± 0.000095 0.001381 ± 0.000068 16.0 ± 2.5 low
74 19276 20282 1007 18/05/2005 0.000022 ± 0.000036 0.001151 ± 0.000026 15.1 ± 8.0 low
75 20283 20721 439 23/08/2005 0.000002 ± 0.000041 0.000852 ± 0.000029 32.0 ± 10.4 low
76 20722 21001 280 04/10/2005 −0.000006 ± 0.000090 0.001512 ± 0.000064 48.0 ± 7.7 moderate
77 21002 21943 942 31/10/2005 0.000147 ± 0.000030 0.000928 ± 0.000021 51.0 ± 8.8 low
78 21944 22070 127 01/02/2006 −0.000260 ± 0.000148 0.001662 ± 0.000105 48.0 ± 6.6 moderate
79 22071 22249 179 15/02/2006 0.000103 ± 0.000064 0.000863 ± 0.000046 24.0 ± 5.1 low
80 22250 22660 411 06/03/2006 0.000091 ± 0.000056 0.001135 ± 0.000040 14.7 ± 6.6 low
81 22661 22878 218 12/04/2006 0.000331 ± 0.000102 0.001501 ± 0.000072 18.0 ± 7.1 moderate
82 22879 22941 63 04/05/2006 0.000232 ± 0.000073 0.000576 ± 0.000052 27.0 ± 4.2 low
83 22942 23050 109 10/05/2006 −0.000915 ± 0.000187 0.001956 ± 0.000133 44.0 ± 3.8 high
84 23051 23102 52 19/05/2006 −0.000146 ± 0.000436 0.003147 ± 0.000312 13.6 ± 3.6 high
85 23103 23371 269 25/05/2006 −0.000184 ± 0.000128 0.002095 ± 0.000091 11.6 ± 4.1 high
86 23372 23807 436 21/06/2006 0.000048 ± 0.000078 0.001626 ± 0.000055 18.0 ± 7.6 moderate
87 23808 24176 369 02/08/2006 0.000024 ± 0.000048 0.000918 ± 0.000034 53.0 ± 8.3 low
88 24177 24210 34 06/09/2006 −0.001096 ± 0.000417 0.002429 ± 0.000299 44.0 ± 3.6 high
89 24211 24394 184 11/09/2006 0.000120 ± 0.000094 0.001269 ± 0.000066 23.0 ± 3.3 low
90 24395 24440 46 27/09/2006 0.000050 ± 0.000086 0.000581 ± 0.000061 11.0 ± 3.7 low
91 24441 24627 187 02/10/2006 0.000206 ± 0.000089 0.001220 ± 0.000063 12.0 ± 3.7 low
92 24630 24953 324 18/10/2006 0.000096 ± 0.000051 0.000919 ± 0.000036 11.0 ± 6.4 low
93 24954 24969 16 17/11/2006 0.001107 ± 0.000566 0.002263 ± 0.000413 18.0 ± 2.6 high
94 24970 25918 949 20/11/2006 0.000120 ± 0.000029 0.000894 ± 0.000021 23.0 ± 2.7 low
95 25919 25966 48 23/02/2007 −0.001092 ± 0.000469 0.003249 ± 0.000335 155.0 ± 4.4 extremely high
96 25967 26095 129 01/03/2007 −0.000023 ± 0.000117 0.001325 ± 0.000083 23.0 ± 3.6 low
97 26096 26112 17 13/03/2007 0.000302 ± 0.000701 0.002890 ± 0.000511 12.0 ± 2.5 high
98 26115 26130 16 14/03/2007 0.000852 ± 0.000207 0.000829 ± 0.000151 16.0 ± 1.7 low
99 26131 26514 384 16/03/2007 0.000168 ± 0.000050 0.000971 ± 0.000035 15.0 ± 2.6 low
100 26515 27461 947 23/04/2007 0.000105 ± 0.000040 0.001228 ± 0.000028 11.9 ± 9.8 low
101 27462 27716 255 23/07/2007 −0.000626 ± 0.000150 0.002397 ± 0.000106 135.0 ± 8.6 high
102 27717 27735 19 15/08/2007 0.000150 ± 0.001464 0.006381 ± 0.001063 22.0 ± 2.8 extremely high
103 27736 28521 786 17/08/2007 0.000259 ± 0.000056 0.001563 ± 0.000039 74.0 ± 2.9 moderate
104 28522 28799 278 31/10/2007 −0.000363 ± 0.000148 0.002462 ± 0.000105 43.0 ± 8.6 high
105 28801 28818 18 28/11/2007 0.002640 ± 0.000231 0.000980 ± 0.000168 10.0 ± 2.7 low
106 28819 28943 125 29/11/2007 0.000484 ± 0.000105 0.001174 ± 0.000075 12.0 ± 2.5 low
107 28944 29030 87 11/12/2007 −0.000638 ± 0.000246 0.002298 ± 0.000175 22.0 ± 4.3 high
108 29031 29170 140 19/12/2007 0.000336 ± 0.000108 0.001283 ± 0.000077 18.0 ± 4.4 low
109 29171 29278 108 03/01/2008 −0.000460 ± 0.000253 0.002627 ± 0.000180 27.0 ± 4.6 high
110 29279 29369 91 15/01/2008 −0.000536 ± 0.000498 0.004751 ± 0.000354 16.0 ± 4.2 extremely high
111 29371 29816 446 25/01/2008 0.000110 ± 0.000105 0.002217 ± 0.000074 65.0 ± 5.3 high
112 29817 29967 151 07/03/2008 −0.000080 ± 0.000288 0.003539 ± 0.000204 21.0 ± 6.4 extremely high
113 29970 30206 237 24/03/2008 0.000359 ± 0.000113 0.001738 ± 0.000080 50.0 ± 5.6 moderate
114 30207 30226 20 15/04/2008 0.002180 ± 0.000933 0.004174 ± 0.000677 18.0 ± 2.8 extremely high
115 30227 30391 165 17/04/2008 −0.000219 ± 0.000180 0.002314 ± 0.000128 14.5 ± 2.7 high
116 30392 30986 595 02/05/2008 0.000088 ± 0.000076 0.001858 ± 0.000054 17.8 ± 6.9 high
117 30987 31047 61 30/06/2008 −0.001295 ± 0.000569 0.004441 ± 0.000405 47.0 ± 4.7 extremely high
118 31050 31391 342 07/07/2008 −0.000172 ± 0.000141 0.002599 ± 0.000100 14.0 ± 4.4 high
119 31395 31557 163 14/08/2008 0.000061 ± 0.000117 0.001493 ± 0.000083 27.0 ± 6.2 moderate
Appendix B.2. Consumer Services
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 481 481 14/02/2000 0.000159 ± 0.000075 0.001655 ± 0.000053 - moderate
2 482 627 146 04/04/2000 −0.000384 ± 0.000252 0.003039 ± 0.000178 43.0 ± 6.4 extremely high
3 630 700 71 24/04/2000 0.000354 ± 0.000151 0.001275 ± 0.000108 24.0 ± 4.1 moderate
4 701 717 17 01/05/2000 −0.003661 ± 0.001715 0.007072 ± 0.001250 44.0 ± 2.3 extremely high
5 720 955 236 04/05/2000 −0.000190 ± 0.000093 0.001426 ± 0.000066 80.0 ± 2.6 moderate
6 956 972 17 26/05/2000 0.001508 ± 0.001271 0.005239 ± 0.000926 53.0 ± 2.6 extremely high
7 975 1032 58 30/05/2000 0.000398 ± 0.000267 0.002031 ± 0.000190 16.0 ± 2.2 high
8 1035 1050 16 07/06/2000 −0.002532 ± 0.000195 0.000782 ± 0.000143 142.0 ± 2.1 low
9 1051 1236 186 13/06/2000 −0.000006 ± 0.000068 0.000923 ± 0.000048 40.0 ± 2.5 low
10 1237 1323 87 29/06/2000 0.000743 ± 0.000146 0.001365 ± 0.000104 12.5 ± 4.6 moderate
11 1324 1511 188 10/07/2000 −0.000144 ± 0.000061 0.000835 ± 0.000043 11.6 ± 4.6 low
12 1512 1528 17 27/07/2000 −0.001768 ± 0.000717 0.002957 ± 0.000523 40.4 ± 2.6 extremely high
13 1530 1585 56 31/07/2000 0.000896 ± 0.000111 0.000827 ± 0.000079 23.9 ± 2.2 low
14 1586 1662 77 08/08/2000 −0.000368 ± 0.000171 0.001500 ± 0.000122 15.3 ± 3.4 moderate
15 1665 1946 282 15/08/2000 −0.000022 ± 0.000044 0.000734 ± 0.000031 17.4 ± 4.7 low
16 1947 2201 255 15/09/2000 −0.000253 ± 0.000076 0.001207 ± 0.000054 20.9 ± 6.8 moderate
17 2202 2220 19 10/10/2000 −0.004225 ± 0.001436 0.006257 ± 0.001043 161.0 ± 2.8 extremely high
18 2221 2293 73 12/10/2000 0.000087 ± 0.000227 0.001943 ± 0.000162 24.0 ± 2.4 high
19 2295 2411 117 18/10/2000 0.000754 ± 0.000108 0.001171 ± 0.000077 24.0 ± 4.0 moderate
20 2412 2501 90 31/10/2000 0.000229 ± 0.000084 0.000795 ± 0.000060 10.0 ± 4.2 low
41
m start end duration start date mean std dev ∆(m − 1,m) cluster
21 2502 2549 48 08/11/2000 −0.001592 ± 0.000418 0.002899 ± 0.000299 50.0 ± 3.4 extremely high
22 2551 3028 478 14/11/2000 −0.000008 ± 0.000065 0.001417 ± 0.000046 31.0 ± 4.2 moderate
23 3029 3046 18 02/01/2001 0.004830 ± 0.000986 0.004185 ± 0.000718 48.0 ± 2.8 extremely high
24 3047 3125 79 04/01/2001 −0.000190 ± 0.000184 0.001631 ± 0.000131 21.0 ± 2.4 moderate
25 3126 3457 332 11/01/2001 0.000102 ± 0.000059 0.001077 ± 0.000042 12.0 ± 4.9 low
26 3458 3758 301 16/02/2001 −0.000222 ± 0.000106 0.001835 ± 0.000075 40.0 ± 7.4 high
27 3759 3774 16 20/03/2001 −0.005422 ± 0.000975 0.003901 ± 0.000712 24.0 ± 2.6 extremely high
28 3775 4020 246 22/03/2001 0.000542 ± 0.000163 0.002553 ± 0.000115 11.0 ± 2.6 extremely high
29 4021 4245 225 19/04/2001 0.000175 ± 0.000092 0.001376 ± 0.000065 92.0 ± 6.4 moderate
30 4246 4285 40 10/05/2001 −0.000216 ± 0.000097 0.000615 ± 0.000070 14.3 ± 3.6 extremely low
31 4286 4302 17 14/05/2001 −0.000240 ± 0.000917 0.003780 ± 0.000668 35.7 ± 2.1 extremely high
32 4305 4320 16 15/05/2001 0.002535 ± 0.000157 0.000626 ± 0.000114 35.9 ± 1.7 extremely low
33 4321 5393 1073 21/05/2001 −0.000112 ± 0.000040 0.001299 ± 0.000028 35.1 ± 2.7 moderate
34 5394 5427 34 04/09/2001 −0.002842 ± 0.001525 0.008891 ± 0.001094 336.0 ± 3.8 extremely high
35 5490 5562 73 16/09/2001 −0.002188 ± 0.000517 0.004413 ± 0.000368 11.0 ± 1.0 extremely high
36 5565 5580 16 21/09/2001 0.003822 ± 0.000371 0.001483 ± 0.000271 94.0 ± 2.2 moderate
37 5581 6001 421 25/09/2001 0.000191 ± 0.000107 0.002192 ± 0.000076 14.0 ± 2.6 high
38 6002 6343 342 05/11/2001 0.000278 ± 0.000076 0.001401 ± 0.000054 41.0 ± 8.1 moderate
39 6344 6359 16 07/12/2001 −0.001281 ± 0.000768 0.003072 ± 0.000561 17.0 ± 2.6 extremely high
40 6361 6808 448 13/12/2001 0.000044 ± 0.000046 0.000964 ± 0.000032 43.0 ± 2.6 low
41 6809 8066 1258 28/01/2002 −0.000008 ± 0.000034 0.001209 ± 0.000024 10.0 ± 10.9 moderate
42 8067 8311 245 30/05/2002 −0.000323 ± 0.000107 0.001681 ± 0.000076 23.0 ± 8.8 moderate
43 8312 8531 220 24/06/2002 −0.000439 ± 0.000162 0.002397 ± 0.000115 12.0 ± 6.3 high
44 8532 8772 241 12/07/2002 −0.000577 ± 0.000245 0.003797 ± 0.000173 19.0 ± 6.3 extremely high
45 8775 8877 103 05/08/2002 0.000809 ± 0.000266 0.002696 ± 0.000189 48.0 ± 5.0 extremely high
46 8880 9341 462 14/08/2002 −0.000026 ± 0.000096 0.002074 ± 0.000068 18.0 ± 5.6 high
47 9342 9507 166 27/09/2002 −0.000170 ± 0.000311 0.004010 ± 0.000221 38.0 ± 6.6 extremely high
48 9510 9525 16 14/10/2002 0.002178 ± 0.000548 0.002190 ± 0.000400 121.0 ± 2.4 high
49 9526 9982 457 16/10/2002 0.000149 ± 0.000087 0.001869 ± 0.000062 29.0 ± 2.7 high
50 9983 10004 22 29/11/2002 0.000093 ± 0.000936 0.004390 ± 0.000677 17.4 ± 3.0 extremely high
51 10006 10066 61 03/12/2002 −0.000803 ± 0.000266 0.002074 ± 0.000189 27.1 ± 2.4 high
52 10067 11004 938 09/12/2002 −0.000167 ± 0.000052 0.001587 ± 0.000037 10.7 ± 4.9 moderate
53 11005 11280 276 12/03/2003 0.000491 ± 0.000136 0.002259 ± 0.000096 25.9 ± 8.8 high
54 11281 11412 132 08/04/2003 0.000229 ± 0.000092 0.001062 ± 0.000066 82.0 ± 5.6 low
55 11415 11920 506 21/04/2003 0.000191 ± 0.000065 0.001472 ± 0.000046 13.0 ± 6.2 moderate
56 11925 12200 276 07/06/2003 0.000028 ± 0.000065 0.001083 ± 0.000046 17.0 ± 7.9 low
57 12201 12282 82 03/07/2003 0.000287 ± 0.000195 0.001766 ± 0.000139 15.0 ± 4.8 high
58 12285 12587 303 11/07/2003 −0.000037 ± 0.000069 0.001208 ± 0.000049 10.0 ± 4.8 moderate
59 12588 12881 294 11/08/2003 0.000193 ± 0.000046 0.000790 ± 0.000033 43.0 ± 7.2 low
60 12882 12927 46 08/09/2003 −0.000511 ± 0.000201 0.001363 ± 0.000144 12.0 ± 3.9 moderate
61 12930 13031 102 11/09/2003 0.000176 ± 0.000070 0.000703 ± 0.000049 15.0 ± 3.3 low
62 13032 13272 241 19/09/2003 0.000066 ± 0.000090 0.001393 ± 0.000064 30.0 ± 5.1 moderate
63 13275 13949 675 10/10/2003 0.000009 ± 0.000036 0.000929 ± 0.000025 44.0 ± 7.9 low
64 13951 14781 831 16/12/2003 0.000074 ± 0.000027 0.000776 ± 0.000019 15.8 ± 11.3 low
65 14782 14897 116 10/03/2004 −0.000320 ± 0.000119 0.001279 ± 0.000084 30.7 ± 6.3 moderate
66 14898 15352 455 22/03/2004 0.000040 ± 0.000043 0.000911 ± 0.000030 11.5 ± 5.8 low
67 15353 15507 155 04/05/2004 −0.000244 ± 0.000127 0.001584 ± 0.000090 55.0 ± 6.5 moderate
68 15510 15603 94 18/05/2004 0.000389 ± 0.000104 0.001013 ± 0.000074 58.0 ± 4.5 low
69 15604 16136 533 27/05/2004 −0.000065 ± 0.000034 0.000775 ± 0.000024 16.0 ± 5.5 low
70 16137 16404 268 20/07/2004 −0.000195 ± 0.000072 0.001180 ± 0.000051 19.0 ± 7.9 moderate
71 16405 16422 18 13/08/2004 0.001248 ± 0.000490 0.002079 ± 0.000357 11.0 ± 2.7 high
72 16425 17538 1114 16/08/2004 0.000118 ± 0.000023 0.000766 ± 0.000016 43.0 ± 2.9 low
73 17539 18881 1343 02/12/2004 −0.000014 ± 0.000019 0.000681 ± 0.000013 12.4 ± 14.5 extremely low
74 18882 19092 211 11/04/2005 −0.000212 ± 0.000073 0.001059 ± 0.000052 38.4 ± 8.3 low
75 19095 19977 883 29/04/2005 0.000103 ± 0.000025 0.000748 ± 0.000018 21.8 ± 7.9 low
76 19980 20066 87 25/07/2005 0.000166 ± 0.000051 0.000479 ± 0.000037 12.0 ± 5.6 extremely low
77 20067 20876 810 02/08/2005 −0.000117 ± 0.000031 0.000893 ± 0.000022 19.0 ± 5.6 low
78 20877 20981 105 18/10/2005 −0.000117 ± 0.000115 0.001179 ± 0.000082 12.5 ± 6.0 moderate
79 20982 21001 20 27/10/2005 0.001625 ± 0.000431 0.001926 ± 0.000312 21.0 ± 2.6 high
80 21002 21163 162 31/10/2005 0.000249 ± 0.000058 0.000740 ± 0.000041 35.0 ± 2.7 low
81 21164 21181 18 14/11/2005 −0.000731 ± 0.000294 0.001249 ± 0.000214 13.0 ± 2.6 moderate
82 21182 21643 462 16/11/2005 0.000015 ± 0.000029 0.000633 ± 0.000021 12.0 ± 2.8 extremely low
83 21644 21674 31 30/12/2005 0.000718 ± 0.000358 0.001992 ± 0.000257 66.0 ± 3.5 high
84 21676 21691 16 05/01/2006 −0.000756 ± 0.000200 0.000800 ± 0.000146 55.0 ± 2.0 low
85 21692 22242 551 06/01/2006 0.000030 ± 0.000029 0.000692 ± 0.000021 28.0 ± 2.7 extremely low
86 22243 22916 674 03/03/2006 0.000038 ± 0.000022 0.000575 ± 0.000016 26.0 ± 10.2 extremely low
87 22920 22941 22 08/05/2006 0.000130 ± 0.000037 0.000172 ± 0.000026 15.0 ± 3.1 extremely low
88 22942 23495 554 10/05/2006 −0.000065 ± 0.000038 0.000894 ± 0.000027 17.0 ± 3.1 low
89 23496 23787 292 03/07/2006 −0.000150 ± 0.000068 0.001156 ± 0.000048 12.0 ± 8.2 moderate
90 23790 25111 1322 31/07/2006 0.000107 ± 0.000022 0.000793 ± 0.000015 36.0 ± 9.4 low
42
m start end duration start date mean std dev ∆(m − 1,m) cluster
91 25112 25274 163 05/12/2006 0.000076 ± 0.000049 0.000624 ± 0.000035 40.0 ± 7.5 extremely low
92 25276 25375 100 20/12/2006 −0.000021 ± 0.000041 0.000405 ± 0.000029 11.1 ± 4.7 extremely low
93 25376 25933 558 29/12/2006 0.000069 ± 0.000026 0.000618 ± 0.000019 32.9 ± 5.7 extremely low
94 25934 25966 33 26/02/2007 −0.001285 ± 0.000424 0.002437 ± 0.000305 138.0 ± 3.6 high
95 25967 26310 344 01/03/2007 0.000096 ± 0.000052 0.000968 ± 0.000037 37.0 ± 3.5 low
96 26311 26381 71 03/04/2007 0.000071 ± 0.000035 0.000297 ± 0.000025 44.0 ± 4.7 extremely low
97 26385 26644 260 10/04/2007 0.000022 ± 0.000048 0.000769 ± 0.000034 27.0 ± 4.5 low
98 26645 26831 187 04/05/2007 0.000050 ± 0.000041 0.000566 ± 0.000029 11.0 ± 6.2 extremely low
99 26832 26853 22 22/05/2007 −0.000078 ± 0.000284 0.001334 ± 0.000206 10.0 ± 2.8 moderate
100 26854 26926 73 24/05/2007 0.000186 ± 0.000076 0.000647 ± 0.000054 11.0 ± 2.5 extremely low
101 26927 27075 149 01/06/2007 −0.000044 ± 0.000074 0.000909 ± 0.000053 10.0 ± 4.2 low
102 27076 27219 144 15/06/2007 −0.000091 ± 0.000053 0.000634 ± 0.000037 14.0 ± 5.1 extremely low
103 27220 27237 18 28/06/2007 −0.000216 ± 0.000307 0.001303 ± 0.000223 11.0 ± 2.6 moderate
104 27240 27296 57 29/06/2007 0.000385 ± 0.000055 0.000415 ± 0.000039 17.0 ± 2.2 extremely low
105 27297 27325 29 06/07/2007 −0.000641 ± 0.000184 0.000992 ± 0.000133 13.0 ± 2.7 low
106 27326 27406 81 10/07/2007 0.000158 ± 0.000052 0.000465 ± 0.000037 11.0 ± 2.8 extremely low
107 27407 27491 85 18/07/2007 −0.000280 ± 0.000085 0.000781 ± 0.000060 11.0 ± 3.8 low
108 27492 27735 244 25/07/2007 −0.000318 ± 0.000118 0.001844 ± 0.000084 196.0 ± 4.8 high
109 27736 28521 786 17/08/2007 0.000060 ± 0.000036 0.001003 ± 0.000025 72.0 ± 8.2 low
110 28522 28829 308 31/10/2007 −0.000180 ± 0.000093 0.001633 ± 0.000066 52.0 ± 8.9 moderate
111 28831 28859 29 30/11/2007 0.000232 ± 0.000161 0.000870 ± 0.000116 41.0 ± 3.3 low
112 28861 28943 83 04/12/2007 0.000173 ± 0.000068 0.000623 ± 0.000049 12.0 ± 2.8 extremely low
113 28944 28964 21 11/12/2007 −0.001338 ± 0.000487 0.002232 ± 0.000353 27.0 ± 2.6 high
114 28966 29173 208 13/12/2007 −0.000289 ± 0.000075 0.001078 ± 0.000053 15.0 ± 2.8 low
115 29174 29351 178 03/01/2008 −0.000218 ± 0.000174 0.002316 ± 0.000123 47.0 ± 5.8 high
116 29352 29831 480 23/01/2008 −0.000069 ± 0.000067 0.001464 ± 0.000047 28.0 ± 6.8 moderate
117 29832 30042 211 10/03/2008 0.000169 ± 0.000155 0.002249 ± 0.000110 22.0 ± 7.2 high
118 30045 30060 16 31/03/2008 0.002450 ± 0.000236 0.000945 ± 0.000173 60.0 ± 2.5 low
119 30061 30731 671 02/04/2008 0.000021 ± 0.000047 0.001227 ± 0.000034 16.0 ± 2.7 moderate
120 30732 31043 312 04/06/2008 −0.000415 ± 0.000104 0.001838 ± 0.000074 68.0 ± 8.7 high
121 31044 31110 67 07/07/2008 −0.000351 ± 0.000383 0.003138 ± 0.000273 16.3 ± 4.6 extremely high
122 31111 31487 377 16/07/2008 0.000251 ± 0.000104 0.002024 ± 0.000074 10.7 ± 4.7 high
123 31488 31558 71 25/08/2008 0.000164 ± 0.000131 0.001107 ± 0.000094 17.0 ± 4.8 low
Appendix B.3. Oil & Gas
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 223 223 14/02/2000 0.000302 ± 0.000138 0.002055 ± 0.000098 - moderate
2 224 251 28 06/03/2000 0.002718 ± 0.000959 0.005074 ± 0.000690 28.0 ± 3.2 extremely high
3 256 616 361 09/03/2000 0.000022 ± 0.000136 0.002587 ± 0.000096 15.0 ± 3.2 high
4 617 1001 385 24/04/2000 0.000082 ± 0.000067 0.001307 ± 0.000047 83.0 ± 8.0 moderate
5 1002 1167 166 05/06/2000 0.000254 ± 0.000177 0.002283 ± 0.000126 37.0 ± 6.4 high
6 1170 1251 82 22/06/2000 −0.000217 ± 0.000144 0.001301 ± 0.000102 13.6 ± 4.4 moderate
7 1252 1335 84 30/06/2000 −0.000225 ± 0.000330 0.003022 ± 0.000235 18.2 ± 3.8 high
8 1336 1496 161 11/07/2000 −0.000386 ± 0.000119 0.001514 ± 0.000085 21.9 ± 4.4 moderate
9 1497 1525 29 26/07/2000 0.001210 ± 0.000488 0.002630 ± 0.000351 10.1 ± 3.1 high
10 1526 1542 17 31/07/2000 0.001394 ± 0.001207 0.004976 ± 0.000880 18.0 ± 2.0 extremely high
11 1545 1736 192 03/08/2000 0.000366 ± 0.000089 0.001227 ± 0.000063 50.0 ± 2.5 low
12 1737 2262 526 22/08/2000 0.000038 ± 0.000093 0.002138 ± 0.000066 29.0 ± 7.1 moderate
13 2265 2337 73 16/10/2000 0.000044 ± 0.000237 0.002028 ± 0.000169 16.1 ± 5.0 moderate
14 2340 2355 16 23/10/2000 −0.002088 ± 0.000406 0.001623 ± 0.000296 12.0 ± 2.2 moderate
15 2356 2698 343 26/10/2000 0.000105 ± 0.000082 0.001524 ± 0.000058 14.0 ± 2.6 moderate
16 2699 2720 22 28/11/2000 −0.003526 ± 0.000652 0.003057 ± 0.000472 22.9 ± 3.0 extremely high
17 2721 3238 518 30/11/2000 0.000056 ± 0.000078 0.001771 ± 0.000055 16.7 ± 3.1 moderate
18 3239 3256 18 23/01/2001 0.000095 ± 0.001046 0.004437 ± 0.000761 23.0 ± 2.8 extremely high
19 3257 3376 120 29/01/2001 0.000591 ± 0.000132 0.001441 ± 0.000093 36.0 ± 2.5 moderate
20 3377 3433 57 09/02/2001 −0.000294 ± 0.000112 0.000843 ± 0.000080 11.6 ± 3.7 low
21 3434 3459 26 14/02/2001 0.000146 ± 0.000492 0.002508 ± 0.000355 20.1 ± 2.6 high
22 3460 3763 304 16/02/2001 −0.000060 ± 0.000079 0.001379 ± 0.000056 11.0 ± 3.2 moderate
23 3764 3781 18 20/03/2001 −0.003410 ± 0.001297 0.005505 ± 0.000944 69.0 ± 2.7 extremely high
24 3782 3942 161 23/03/2001 0.000166 ± 0.000190 0.002412 ± 0.000135 14.0 ± 2.6 high
25 3945 4150 206 06/04/2001 0.000440 ± 0.000101 0.001454 ± 0.000072 28.0 ± 5.6 moderate
26 4151 4167 17 01/05/2001 −0.002404 ± 0.000929 0.003829 ± 0.000677 14.7 ± 2.6 extremely high
27 4170 4931 762 02/05/2001 −0.000149 ± 0.000054 0.001487 ± 0.000038 28.3 ± 2.8 moderate
28 4932 5042 111 17/07/2001 0.000333 ± 0.000226 0.002383 ± 0.000161 23.0 ± 6.1 high
29 5043 5296 254 27/07/2001 −0.000063 ± 0.000087 0.001392 ± 0.000062 20.8 ± 5.2 moderate
30 5311 5426 116 23/08/2001 −0.000150 ± 0.000084 0.000902 ± 0.000059 23.0 ± 5.1 low
31 5427 5551 125 10/09/2001 −0.000997 ± 0.000336 0.003760 ± 0.000239 59.0 ± 4.6 extremely high
32 5552 6086 535 21/09/2001 0.000200 ± 0.000094 0.002173 ± 0.000066 18.0 ± 6.1 moderate
33 6087 6104 18 13/11/2001 −0.002544 ± 0.001646 0.006983 ± 0.001198 46.4 ± 2.8 extremely high
34 6106 6196 91 15/11/2001 −0.000230 ± 0.000262 0.002495 ± 0.000186 20.8 ± 2.4 high
35 6197 6343 147 26/11/2001 0.000144 ± 0.000130 0.001573 ± 0.000092 26.1 ± 4.5 moderate
36 6344 6361 18 07/12/2001 −0.002220 ± 0.001016 0.004309 ± 0.000739 22.5 ± 2.6 extremely high
37 6362 7068 707 13/12/2001 0.000077 ± 0.000055 0.001466 ± 0.000039 79.0 ± 2.8 moderate
38 7069 7482 414 22/02/2002 0.000170 ± 0.000059 0.001192 ± 0.000041 10.0 ± 9.5 low
39 7484 7606 123 05/04/2002 0.000116 ± 0.000234 0.002595 ± 0.000166 56.0 ± 5.9 high
40 7607 7796 190 17/04/2002 −0.000056 ± 0.000084 0.001152 ± 0.000059 40.0 ± 5.1 low
43
m start end duration start date mean std dev ∆(m − 1,m) cluster
41 7797 8531 735 03/05/2002 −0.000236 ± 0.000060 0.001622 ± 0.000042 12.0 ± 7.4 moderate
42 8532 8772 241 12/07/2002 −0.000587 ± 0.000235 0.003656 ± 0.000167 122.0 ± 8.1 extremely high
43 8775 9676 902 05/08/2002 0.000068 ± 0.000084 0.002519 ± 0.000059 26.0 ± 8.3 high
44 9677 10343 667 30/10/2002 0.000100 ± 0.000053 0.001379 ± 0.000038 112.0 ± 11.5 moderate
45 10344 10381 38 06/01/2003 −0.000827 ± 0.000329 0.002025 ± 0.000235 10.6 ± 3.9 moderate
46 10382 10452 71 09/01/2003 −0.000043 ± 0.000105 0.000887 ± 0.000075 11.0 ± 3.0 low
47 10453 10469 17 15/01/2003 0.000529 ± 0.001404 0.005787 ± 0.001023 57.0 ± 2.3 extremely high
48 10486 10499 14 22/01/2003 −0.002824 ± 0.000452 0.001693 ± 0.000332 25.0 ± 0.9 moderate
49 10501 10649 149 23/01/2003 0.000106 ± 0.000167 0.002037 ± 0.000118 55.0 ± 2.3 moderate
50 10651 10833 183 06/02/2003 0.000090 ± 0.000114 0.001536 ± 0.000080 12.0 ± 5.3 moderate
51 10834 10993 160 25/02/2003 −0.000080 ± 0.000090 0.001142 ± 0.000064 10.3 ± 5.4 low
52 10994 11011 18 11/03/2003 −0.000384 ± 0.000751 0.003188 ± 0.000547 21.5 ± 2.6 high
53 11012 11129 118 13/03/2003 0.000118 ± 0.000132 0.001429 ± 0.000093 11.4 ± 2.5 moderate
54 11131 11213 83 25/03/2003 0.000280 ± 0.000141 0.001287 ± 0.000100 28.0 ± 4.1 moderate
55 11214 11299 86 01/04/2003 −0.000320 ± 0.000132 0.001221 ± 0.000094 10.0 ± 3.9 moderate
56 11300 11450 151 09/04/2003 0.000147 ± 0.000075 0.000916 ± 0.000053 11.0 ± 4.4 low
57 11451 11771 321 24/04/2003 0.000185 ± 0.000061 0.001095 ± 0.000043 15.0 ± 6.0 low
58 11772 12587 816 23/05/2003 −0.000004 ± 0.000041 0.001175 ± 0.000029 14.0 ± 9.0 low
59 12588 13468 881 11/08/2003 0.000023 ± 0.000031 0.000918 ± 0.000022 36.0 ± 12.1 low
60 13469 13634 166 29/10/2003 −0.000007 ± 0.000074 0.000960 ± 0.000053 16.0 ± 7.2 low
61 13636 13651 16 14/11/2003 −0.000854 ± 0.000379 0.001515 ± 0.000277 15.0 ± 2.5 moderate
62 13652 13933 282 17/11/2003 0.000265 ± 0.000042 0.000701 ± 0.000030 13.0 ± 2.6 low
63 13934 14297 364 12/12/2003 0.000260 ± 0.000057 0.001095 ± 0.000041 14.0 ± 7.4 low
64 14298 14776 479 23/01/2004 0.000078 ± 0.000040 0.000883 ± 0.000029 16.0 ± 8.5 low
65 14777 15400 624 10/03/2004 −0.000007 ± 0.000049 0.001229 ± 0.000035 37.0 ± 9.7 low
66 15401 15417 17 07/05/2004 −0.001839 ± 0.000917 0.003781 ± 0.000668 39.0 ± 2.8 extremely high
67 15420 15780 361 10/05/2004 0.000171 ± 0.000065 0.001242 ± 0.000046 34.0 ± 2.7 low
68 15781 16256 476 16/06/2004 0.000116 ± 0.000037 0.000807 ± 0.000026 35.0 ± 8.4 low
69 16257 16500 244 30/07/2004 −0.000233 ± 0.000091 0.001419 ± 0.000064 48.0 ± 7.5 moderate
70 16501 16781 281 24/08/2004 0.000349 ± 0.000050 0.000830 ± 0.000035 35.0 ± 6.7 low
71 16782 17005 224 20/09/2004 0.000217 ± 0.000083 0.001241 ± 0.000059 17.0 ± 6.6 low
72 17006 17022 17 11/10/2004 −0.001889 ± 0.001157 0.004771 ± 0.000843 50.0 ± 2.6 extremely high
73 17025 17160 136 13/10/2004 0.000229 ± 0.000082 0.000955 ± 0.000058 73.0 ± 2.4 low
74 17161 17267 107 27/10/2004 0.000019 ± 0.000176 0.001822 ± 0.000125 14.7 ± 4.6 moderate
75 17268 18400 1133 05/11/2004 0.000158 ± 0.000035 0.001178 ± 0.000025 20.4 ± 6.3 low
76 18401 19276 876 24/02/2005 −0.000108 ± 0.000064 0.001890 ± 0.000045 94.0 ± 13.1 moderate
77 19277 19616 340 18/05/2005 0.000438 ± 0.000064 0.001186 ± 0.000046 58.0 ± 9.3 low
78 19617 19965 349 20/06/2005 0.000076 ± 0.000081 0.001505 ± 0.000057 13.2 ± 7.7 moderate
79 19966 20351 386 25/07/2005 0.000019 ± 0.000062 0.001212 ± 0.000044 15.0 ± 8.0 low
80 20352 20627 276 29/08/2005 0.000333 ± 0.000110 0.001824 ± 0.000078 23.0 ± 7.5 moderate
81 20628 20711 84 26/09/2005 0.000095 ± 0.000092 0.000842 ± 0.000065 25.0 ± 4.9 low
82 20712 21002 291 03/10/2005 −0.000301 ± 0.000159 0.002705 ± 0.000112 46.0 ± 4.9 high
83 21003 23043 2041 31/10/2005 0.000037 ± 0.000037 0.001683 ± 0.000026 63.0 ± 9.9 moderate
84 23044 23397 354 19/05/2006 −0.000060 ± 0.000132 0.002489 ± 0.000094 47.0 ± 10.7 high
85 23400 23761 362 22/06/2006 0.000274 ± 0.000089 0.001697 ± 0.000063 22.0 ± 7.8 moderate
86 23762 24206 445 28/07/2006 −0.000098 ± 0.000062 0.001307 ± 0.000044 18.0 ± 8.3 moderate
87 24207 24477 271 08/09/2006 −0.000137 ± 0.000127 0.002092 ± 0.000090 31.0 ± 7.7 moderate
88 24480 25116 637 04/10/2006 0.000252 ± 0.000055 0.001390 ± 0.000039 39.0 ± 8.2 moderate
89 25117 25378 262 05/12/2006 −0.000101 ± 0.000065 0.001055 ± 0.000046 14.9 ± 8.1 low
90 25379 25607 229 29/12/2006 −0.000089 ± 0.000121 0.001832 ± 0.000086 33.9 ± 6.5 moderate
91 25608 25931 324 25/01/2007 0.000082 ± 0.000060 0.001081 ± 0.000043 27.5 ± 6.8 low
92 25932 25947 16 26/02/2007 −0.002804 ± 0.000786 0.003145 ± 0.000574 33.8 ± 2.6 extremely high
93 25948 26192 245 27/02/2007 0.000219 ± 0.000095 0.001484 ± 0.000067 13.5 ± 2.6 moderate
94 26193 26586 394 22/03/2007 0.000204 ± 0.000051 0.001006 ± 0.000036 28.0 ± 7.3 low
95 26587 27461 875 30/04/2007 0.000161 ± 0.000045 0.001339 ± 0.000032 17.0 ± 9.8 moderate
96 27462 27732 271 23/07/2007 −0.000505 ± 0.000168 0.002759 ± 0.000119 115.0 ± 8.6 high
97 27735 27967 233 16/08/2007 0.000270 ± 0.000115 0.001758 ± 0.000082 22.0 ± 6.6 moderate
98 27968 28335 368 10/09/2007 0.000338 ± 0.000075 0.001448 ± 0.000053 12.0 ± 7.1 moderate
99 28336 28391 56 15/10/2007 −0.000066 ± 0.000137 0.001025 ± 0.000098 11.4 ± 4.3 low
100 28392 28416 25 18/10/2007 −0.002235 ± 0.000625 0.003124 ± 0.000451 48.0 ± 2.5 extremely high
101 28417 28797 381 22/10/2007 −0.000157 ± 0.000117 0.002284 ± 0.000083 14.0 ± 3.2 high
102 28798 28943 146 27/11/2007 0.000641 ± 0.000103 0.001245 ± 0.000073 34.0 ± 6.1 low
103 28944 28967 24 11/12/2007 −0.000142 ± 0.000672 0.003293 ± 0.000486 26.6 ± 2.9 high
104 28968 29057 90 13/12/2007 0.000167 ± 0.000161 0.001529 ± 0.000115 12.2 ± 2.7 moderate
105 29058 29111 54 21/12/2007 0.000384 ± 0.000090 0.000661 ± 0.000064 17.3 ± 3.5 low
106 29112 29263 152 27/12/2007 −0.000224 ± 0.000133 0.001643 ± 0.000095 20.1 ± 3.8 moderate
107 29264 29354 91 14/01/2008 −0.001382 ± 0.000454 0.004331 ± 0.000323 102.0 ± 4.5 extremely high
108 29356 29876 521 24/01/2008 0.000203 ± 0.000089 0.002030 ± 0.000063 78.0 ± 5.4 moderate
109 29877 29952 76 13/03/2008 −0.000779 ± 0.000353 0.003078 ± 0.000251 11.9 ± 5.1 high
110 29955 31012 1058 20/03/2008 0.000194 ± 0.000058 0.001887 ± 0.000041 19.5 ± 5.4 moderate
111 31013 31291 279 02/07/2008 −0.000692 ± 0.000177 0.002961 ± 0.000126 40.0 ± 9.0 high
112 31292 31557 266 06/08/2008 0.000098 ± 0.000132 0.002149 ± 0.000093 13.0 ± 6.9 moderate
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Appendix B.4. Financials
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 316 316 14/02/2000 −0.000181 ± 0.000088 0.001564 ± 0.000062 - moderate
2 317 702 386 15/03/2000 0.000407 ± 0.000133 0.002606 ± 0.000094 39.0 ± 7.8 high
3 705 731 27 01/05/2000 −0.001205 ± 0.000120 0.000623 ± 0.000086 20.0 ± 3.2 low
4 732 970 239 05/05/2000 0.000261 ± 0.000119 0.001840 ± 0.000084 15.0 ± 3.1 high
5 971 987 17 30/05/2000 0.004637 ± 0.001990 0.008205 ± 0.001450 63.0 ± 2.6 extremely high
6 990 1076 87 02/06/2000 −0.000365 ± 0.000202 0.001887 ± 0.000144 25.0 ± 2.3 high
7 1077 1092 16 14/06/2000 −0.001703 ± 0.001245 0.004979 ± 0.000909 11.0 ± 2.3 extremely high
8 1095 1110 16 15/06/2000 −0.001959 ± 0.000455 0.001820 ± 0.000332 49.0 ± 1.7 moderate
9 1111 2156 1046 19/06/2000 0.000172 ± 0.000045 0.001444 ± 0.000032 25.2 ± 2.7 moderate
10 2157 2370 214 05/10/2000 −0.000338 ± 0.000209 0.003051 ± 0.000148 100.0 ± 8.1 high
11 2371 2484 114 27/10/2000 0.000551 ± 0.000117 0.001254 ± 0.000083 50.0 ± 5.1 moderate
12 2485 2806 322 07/11/2000 −0.000037 ± 0.000109 0.001963 ± 0.000077 12.0 ± 5.5 high
13 2807 2909 103 08/12/2000 0.000035 ± 0.000200 0.002029 ± 0.000142 10.3 ± 5.3 high
14 2911 3036 126 20/12/2000 0.000017 ± 0.000117 0.001311 ± 0.000083 13.0 ± 4.4 moderate
15 3037 3062 26 03/01/2001 0.001413 ± 0.001038 0.005292 ± 0.000748 49.0 ± 2.9 extremely high
16 3063 3258 196 05/01/2001 0.000057 ± 0.000105 0.001467 ± 0.000074 54.0 ± 3.0 moderate
17 3259 3463 205 29/01/2001 −0.000113 ± 0.000070 0.001009 ± 0.000050 14.0 ± 5.9 low
18 3464 3688 225 16/02/2001 −0.000325 ± 0.000132 0.001982 ± 0.000094 40.0 ± 6.1 high
19 3689 4005 317 13/03/2001 0.000011 ± 0.000159 0.002828 ± 0.000112 15.0 ± 6.8 high
20 4020 4035 16 18/04/2001 0.001398 ± 0.000379 0.001517 ± 0.000277 246.0 ± 2.3 moderate
21 4036 4302 267 20/04/2001 0.000053 ± 0.000074 0.001216 ± 0.000053 46.5 ± 2.6 moderate
22 4305 4437 133 15/05/2001 0.000177 ± 0.000078 0.000901 ± 0.000055 14.8 ± 5.6 low
23 4440 4870 431 31/05/2001 −0.000094 ± 0.000059 0.001232 ± 0.000042 13.6 ± 6.0 moderate
24 4871 4887 17 11/07/2001 0.001334 ± 0.000520 0.002146 ± 0.000379 10.3 ± 2.7 high
25 4890 5011 122 12/07/2001 −0.000169 ± 0.000083 0.000914 ± 0.000059 26.7 ± 2.4 low
26 5012 5065 54 25/07/2001 0.000392 ± 0.000072 0.000526 ± 0.000051 12.4 ± 3.7 low
27 5066 5276 211 30/07/2001 −0.000049 ± 0.000058 0.000849 ± 0.000041 11.5 ± 4.0 low
28 5277 5393 117 20/08/2001 −0.000289 ± 0.000124 0.001336 ± 0.000088 15.8 ± 5.2 moderate
29 5394 5562 169 04/09/2001 −0.001058 ± 0.000353 0.004585 ± 0.000250 306.0 ± 4.9 extremely high
30 5565 5580 16 21/09/2001 0.003715 ± 0.000408 0.001631 ± 0.000298 97.0 ± 2.4 moderate
31 5581 6001 421 25/09/2001 0.000168 ± 0.000083 0.001693 ± 0.000058 26.8 ± 2.6 moderate
32 6002 6359 358 05/11/2001 0.000090 ± 0.000061 0.001145 ± 0.000043 101.0 ± 8.2 moderate
33 6361 6378 18 13/12/2001 −0.001010 ± 0.000205 0.000871 ± 0.000149 11.0 ± 2.7 low
34 6379 6536 158 14/12/2001 0.000264 ± 0.000057 0.000718 ± 0.000041 12.0 ± 2.6 low
35 6537 6793 257 31/12/2001 0.000000 ± 0.000061 0.000985 ± 0.000044 12.6 ± 5.9 low
36 6794 7126 333 25/01/2002 −0.000015 ± 0.000092 0.001671 ± 0.000065 57.0 ± 7.1 moderate
37 7127 7587 461 04/03/2002 0.000055 ± 0.000051 0.001092 ± 0.000036 45.0 ± 8.2 moderate
38 7590 7824 235 15/04/2002 −0.000082 ± 0.000062 0.000946 ± 0.000044 11.8 ± 7.4 low
39 7825 7842 18 07/05/2002 0.000976 ± 0.000591 0.002507 ± 0.000430 18.0 ± 2.7 high
40 7845 8025 181 08/05/2002 −0.000054 ± 0.000079 0.001057 ± 0.000056 12.4 ± 2.6 moderate
41 8026 8191 166 28/05/2002 −0.000304 ± 0.000085 0.001091 ± 0.000060 15.2 ± 5.5 moderate
42 8192 8606 415 12/06/2002 −0.000362 ± 0.000104 0.002120 ± 0.000074 123.0 ± 6.5 high
43 8607 8682 76 19/07/2002 −0.000059 ± 0.000573 0.004993 ± 0.000408 56.0 ± 4.9 extremely high
44 8685 8772 88 26/07/2002 −0.000075 ± 0.000302 0.002829 ± 0.000214 11.0 ± 3.7 high
45 8775 8821 47 05/08/2002 0.001763 ± 0.000349 0.002391 ± 0.000249 21.0 ± 3.3 high
46 8822 9056 235 09/08/2002 0.000084 ± 0.000116 0.001777 ± 0.000082 12.0 ± 3.9 moderate
47 9057 9091 35 30/08/2002 −0.001303 ± 0.000637 0.003771 ± 0.000457 18.7 ± 3.5 extremely high
48 9092 9341 250 05/09/2002 −0.000290 ± 0.000128 0.002031 ± 0.000091 11.4 ± 3.5 high
49 9342 9537 196 27/09/2002 0.000221 ± 0.000279 0.003899 ± 0.000197 48.0 ± 6.2 extremely high
50 9540 9888 349 16/10/2002 0.000112 ± 0.000107 0.001998 ± 0.000076 51.0 ± 6.6 high
51 9901 9914 14 21/11/2002 0.002358 ± 0.000267 0.000999 ± 0.000196 39.0 ± 2.3 low
52 9916 10513 598 22/11/2002 −0.000064 ± 0.000057 0.001382 ± 0.000040 14.9 ± 2.5 moderate
53 10514 11263 750 23/01/2003 −0.000034 ± 0.000062 0.001709 ± 0.000044 12.0 ± 10.7 moderate
54 11264 11305 42 04/04/2003 −0.000050 ± 0.000402 0.002603 ± 0.000287 14.4 ± 4.1 high
55 11306 12487 1182 09/04/2003 0.000142 ± 0.000037 0.001256 ± 0.000026 50.0 ± 4.2 moderate
56 12488 12507 20 31/07/2003 −0.001553 ± 0.000511 0.002283 ± 0.000370 16.0 ± 3.0 high
57 12510 12525 16 01/08/2003 −0.000205 ± 0.000293 0.001173 ± 0.000214 34.0 ± 1.7 moderate
58 12526 13439 914 05/08/2003 0.000073 ± 0.000031 0.000949 ± 0.000022 20.5 ± 2.7 low
59 13441 14785 1345 28/10/2003 0.000086 ± 0.000019 0.000679 ± 0.000013 70.0 ± 13.7 low
60 14786 14897 112 10/03/2004 −0.000247 ± 0.000109 0.001157 ± 0.000078 45.0 ± 6.5 moderate
61 14898 15116 219 22/03/2004 0.000075 ± 0.000044 0.000657 ± 0.000031 23.9 ± 5.1 low
62 15117 15352 236 12/04/2004 −0.000193 ± 0.000070 0.001083 ± 0.000050 29.3 ± 6.3 moderate
63 15353 15507 155 04/05/2004 −0.000166 ± 0.000129 0.001605 ± 0.000091 11.9 ± 5.7 moderate
64 15510 15525 16 18/05/2004 0.000111 ± 0.000249 0.000995 ± 0.000182 114.0 ± 2.4 low
65 15526 16404 879 20/05/2004 −0.000001 ± 0.000027 0.000786 ± 0.000019 25.0 ± 2.7 low
66 16405 16422 18 13/08/2004 0.000996 ± 0.000315 0.001337 ± 0.000229 11.0 ± 2.9 moderate
67 16425 16766 342 16/08/2004 0.000146 ± 0.000031 0.000564 ± 0.000022 24.0 ± 2.7 low
68 16767 16797 31 17/09/2004 −0.000054 ± 0.000259 0.001440 ± 0.000186 33.0 ± 3.4 moderate
69 16800 16815 16 21/09/2004 −0.001238 ± 0.000122 0.000490 ± 0.000089 11.0 ± 1.9 low
70 16816 16917 102 23/09/2004 0.000149 ± 0.000078 0.000784 ± 0.000055 12.0 ± 2.4 low
45
m start end duration start date mean std dev ∆(m − 1,m) cluster
71 16920 17021 102 01/10/2004 −0.000073 ± 0.000048 0.000484 ± 0.000034 15.0 ± 4.2 low
72 17022 17142 121 13/10/2004 −0.000324 ± 0.000107 0.001176 ± 0.000076 28.0 ± 4.4 moderate
73 17145 17270 126 25/10/2004 0.000485 ± 0.000070 0.000784 ± 0.000050 43.0 ± 4.6 low
74 17271 17845 575 05/11/2004 0.000092 ± 0.000025 0.000606 ± 0.000018 19.0 ± 6.2 low
75 17846 18147 302 31/12/2004 −0.000119 ± 0.000044 0.000760 ± 0.000031 20.0 ± 8.3 low
76 18148 18313 166 31/01/2005 0.000150 ± 0.000039 0.000509 ± 0.000028 17.0 ± 6.1 low
77 18314 18433 120 15/02/2005 −0.000232 ± 0.000064 0.000705 ± 0.000046 10.0 ± 4.9 low
78 18434 18778 345 28/02/2005 −0.000111 ± 0.000048 0.000884 ± 0.000034 70.0 ± 5.7 low
79 18779 18801 23 31/03/2005 −0.000716 ± 0.000442 0.002119 ± 0.000320 24.8 ± 3.0 high
80 18802 19272 471 04/04/2005 0.000069 ± 0.000046 0.000994 ± 0.000032 17.5 ± 3.1 low
81 19275 19467 193 17/05/2005 0.000077 ± 0.000052 0.000728 ± 0.000037 13.0 ± 6.9 low
82 19470 20081 612 06/06/2005 0.000063 ± 0.000023 0.000578 ± 0.000017 11.0 ± 7.3 low
83 20082 21014 933 03/08/2005 −0.000003 ± 0.000029 0.000871 ± 0.000020 43.0 ± 11.3 low
84 21016 21777 762 01/11/2005 0.000090 ± 0.000024 0.000671 ± 0.000017 22.0 ± 12.0 low
85 21778 21969 192 13/01/2006 −0.000113 ± 0.000067 0.000934 ± 0.000048 11.1 ± 7.5 low
86 21970 22053 84 03/02/2006 0.000015 ± 0.000057 0.000523 ± 0.000041 15.3 ± 4.6 low
87 22054 22069 16 13/02/2006 0.000549 ± 0.000429 0.001717 ± 0.000313 24.4 ± 2.3 moderate
88 22070 22795 726 15/02/2006 0.000043 ± 0.000024 0.000650 ± 0.000017 25.5 ± 2.7 low
89 22796 22842 47 26/04/2006 0.000162 ± 0.000171 0.001175 ± 0.000123 25.2 ± 4.3 moderate
90 22845 22905 61 01/05/2006 0.000354 ± 0.000076 0.000597 ± 0.000055 10.8 ± 3.0 low
91 22906 22941 36 08/05/2006 −0.000072 ± 0.000031 0.000186 ± 0.000022 30.0 ± 2.9 low
92 22942 23844 903 10/05/2006 −0.000029 ± 0.000034 0.001009 ± 0.000024 30.0 ± 3.9 low
93 23845 23921 77 04/08/2006 −0.000231 ± 0.000069 0.000602 ± 0.000049 13.3 ± 5.4 low
94 23922 23940 19 11/08/2006 0.000695 ± 0.000360 0.001570 ± 0.000262 15.1 ± 2.4 moderate
95 23941 24161 221 15/08/2006 0.000081 ± 0.000031 0.000462 ± 0.000022 66.0 ± 2.7 low
96 24162 25933 1772 05/09/2006 0.000056 ± 0.000015 0.000631 ± 0.000011 14.0 ± 8.7 low
97 25934 25966 33 26/02/2007 −0.001325 ± 0.000476 0.002733 ± 0.000342 188.0 ± 3.8 high
98 25967 26042 76 01/03/2007 0.000173 ± 0.000158 0.001378 ± 0.000113 27.0 ± 2.9 moderate
99 26043 26172 130 08/03/2007 −0.000072 ± 0.000095 0.001082 ± 0.000067 13.6 ± 4.1 moderate
100 26175 26191 17 20/03/2007 0.000973 ± 0.000461 0.001900 ± 0.000336 15.0 ± 2.4 high
101 26192 26216 25 22/03/2007 0.000079 ± 0.000077 0.000384 ± 0.000055 19.7 ± 2.0 low
102 26217 26307 91 23/03/2007 −0.000253 ± 0.000132 0.001257 ± 0.000094 15.0 ± 2.7 moderate
103 26310 27128 819 02/04/2007 0.000056 ± 0.000027 0.000769 ± 0.000019 53.0 ± 5.7 low
104 27129 27461 333 20/06/2007 −0.000156 ± 0.000061 0.001104 ± 0.000043 28.0 ± 9.2 moderate
105 27462 27732 271 23/07/2007 −0.000259 ± 0.000169 0.002774 ± 0.000119 101.0 ± 7.2 high
106 27735 28062 328 16/08/2007 0.000162 ± 0.000090 0.001636 ± 0.000064 35.0 ± 7.1 moderate
107 28065 28311 247 18/09/2007 0.000125 ± 0.000059 0.000923 ± 0.000042 44.0 ± 7.0 low
108 28312 28521 210 11/10/2007 −0.000280 ± 0.000113 0.001644 ± 0.000080 23.0 ± 6.3 moderate
109 28522 28541 20 31/10/2007 −0.002385 ± 0.001141 0.005103 ± 0.000828 40.0 ± 2.8 extremely high
110 28545 28796 252 01/11/2007 −0.000437 ± 0.000164 0.002597 ± 0.000116 15.0 ± 2.7 high
111 28797 28829 33 27/11/2007 0.001495 ± 0.000747 0.004290 ± 0.000536 10.0 ± 3.4 extremely high
112 28831 28844 14 30/11/2007 0.001907 ± 0.000461 0.001725 ± 0.000338 27.0 ± 1.9 moderate
113 28846 28943 98 03/12/2007 0.000254 ± 0.000170 0.001680 ± 0.000121 13.0 ± 2.2 moderate
114 28944 28982 39 11/12/2007 −0.001753 ± 0.000616 0.003848 ± 0.000441 13.0 ± 3.2 extremely high
115 28983 29203 221 14/12/2007 −0.000299 ± 0.000111 0.001657 ± 0.000079 30.0 ± 3.6 moderate
116 29204 29237 34 07/01/2008 −0.000446 ± 0.000840 0.004899 ± 0.000603 46.0 ± 3.4 extremely high
117 29238 29831 594 11/01/2008 −0.000229 ± 0.000106 0.002576 ± 0.000075 16.0 ± 3.7 high
118 29832 30045 214 10/03/2008 0.000478 ± 0.000265 0.003879 ± 0.000188 32.0 ± 7.5 extremely high
119 30046 30109 64 01/04/2008 0.000437 ± 0.000248 0.001981 ± 0.000176 104.0 ± 4.3 high
120 30110 30176 67 07/04/2008 −0.000930 ± 0.000143 0.001167 ± 0.000102 11.1 ± 3.4 moderate
121 30177 30252 76 11/04/2008 0.000635 ± 0.000293 0.002554 ± 0.000209 17.4 ± 3.6 high
122 30255 30741 487 18/04/2008 −0.000126 ± 0.000075 0.001651 ± 0.000053 13.0 ± 5.0 moderate
123 30742 31043 302 05/06/2008 −0.000756 ± 0.000154 0.002676 ± 0.000109 35.0 ± 8.1 high
124 31044 31122 79 07/07/2008 0.000141 ± 0.000798 0.007090 ± 0.000568 67.0 ± 4.8 extremely high
125 31125 31470 346 16/07/2008 0.000183 ± 0.000171 0.003172 ± 0.000121 46.0 ± 4.9 high
126 31471 31557 87 22/08/2008 0.000351 ± 0.000203 0.001890 ± 0.000144 15.0 ± 5.1 high
Appendix B.5. Healthcare
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 73 73 14/02/2000 0.000123 ± 0.000147 0.001258 ± 0.000105 - high
2 74 133 60 18/02/2000 −0.003154 ± 0.002585 0.020025 ± 0.001843 143.0 ± 3.4 extremely high
3 136 149 14 28/02/2000 0.012404 ± 0.000489 0.001829 ± 0.000359 2165.0 ± 2.1 high
4 151 223 73 29/02/2000 0.000016 ± 0.000141 0.001203 ± 0.000100 118.0 ± 2.2 moderate
5 224 495 272 06/03/2000 0.000225 ± 0.000177 0.002916 ± 0.000125 27.0 ± 4.6 very high
6 496 544 49 05/04/2000 0.000443 ± 0.000153 0.001074 ± 0.000110 106.0 ± 4.0 moderate
7 545 601 57 12/04/2000 −0.000760 ± 0.000350 0.002645 ± 0.000250 11.2 ± 3.1 very high
8 602 1525 924 18/04/2000 0.000126 ± 0.000049 0.001504 ± 0.000035 23.1 ± 4.7 high
9 1526 1542 17 31/07/2000 0.002920 ± 0.001327 0.005472 ± 0.000967 30.3 ± 2.8 extremely high
10 1545 1710 166 03/08/2000 −0.000292 ± 0.000111 0.001428 ± 0.000079 45.4 ± 2.5 high
11 1711 1825 115 21/08/2000 0.000102 ± 0.000069 0.000737 ± 0.000049 25.0 ± 4.9 low
12 1826 1842 17 30/08/2000 −0.002606 ± 0.000849 0.003502 ± 0.000619 52.2 ± 2.5 very high
13 1845 1986 142 06/09/2000 0.000129 ± 0.000073 0.000873 ± 0.000052 46.1 ± 2.5 moderate
14 1987 3031 1045 20/09/2000 0.000119 ± 0.000050 0.001602 ± 0.000035 21.1 ± 7.0 high
15 3032 3091 60 03/01/2001 −0.001429 ± 0.000442 0.003427 ± 0.000315 49.0 ± 4.9 very high
46
m start end duration start date mean std dev ∆(m − 1,m) cluster
16 3092 3208 117 09/01/2001 −0.000100 ± 0.000115 0.001242 ± 0.000082 39.0 ± 3.8 high
17 3209 3239 31 19/01/2001 0.000896 ± 0.000444 0.002471 ± 0.000319 15.0 ± 3.1 very high
18 3241 3256 16 26/01/2001 0.001508 ± 0.000314 0.001257 ± 0.000230 27.0 ± 2.0 high
19 3257 3628 372 29/01/2001 −0.000134 ± 0.000060 0.001158 ± 0.000043 19.0 ± 2.6 moderate
20 3629 3761 133 06/03/2001 −0.000705 ± 0.000171 0.001968 ± 0.000121 21.0 ± 5.9 high
21 3762 3777 16 20/03/2001 −0.004733 ± 0.002039 0.008155 ± 0.001489 48.0 ± 2.4 extremely high
22 3778 4171 394 22/03/2001 0.000326 ± 0.000093 0.001847 ± 0.000066 77.0 ± 2.6 high
23 4172 4297 126 03/05/2001 −0.000002 ± 0.000077 0.000861 ± 0.000054 39.0 ± 5.9 moderate
24 4298 4314 17 15/05/2001 0.002149 ± 0.001098 0.004527 ± 0.000800 65.0 ± 2.5 extremely high
25 4315 4645 331 18/05/2001 0.000072 ± 0.000064 0.001157 ± 0.000045 61.0 ± 2.7 moderate
26 4646 4662 17 20/06/2001 0.000148 ± 0.000889 0.003666 ± 0.000648 38.0 ± 2.7 very high
27 4665 4680 16 21/06/2001 −0.002183 ± 0.000201 0.000804 ± 0.000147 22.0 ± 1.7 moderate
28 4681 4719 39 25/06/2001 −0.000459 ± 0.000116 0.000727 ± 0.000083 22.0 ± 2.1 moderate
29 4720 4740 21 27/06/2001 −0.000594 ± 0.000629 0.002884 ± 0.000456 22.4 ± 2.3 very high
30 4755 5082 328 01/07/2001 0.000093 ± 0.000077 0.001401 ± 0.000055 11.2 ± 2.7 high
31 5085 5227 143 31/07/2001 −0.000037 ± 0.000058 0.000695 ± 0.000041 48.0 ± 5.9 low
32 5228 5296 69 15/08/2001 −0.000149 ± 0.000207 0.001720 ± 0.000148 30.0 ± 4.1 high
33 5311 5326 16 23/08/2001 0.001202 ± 0.000240 0.000958 ± 0.000175 14.0 ± 1.8 moderate
34 5327 5393 67 24/08/2001 −0.000237 ± 0.000099 0.000811 ± 0.000071 11.0 ± 2.3 moderate
35 5394 5549 156 04/09/2001 −0.000516 ± 0.000227 0.002833 ± 0.000161 31.0 ± 4.1 very high
36 5550 5628 79 20/09/2001 0.000588 ± 0.000199 0.001772 ± 0.000142 11.0 ± 4.3 high
37 5629 6025 397 28/09/2001 0.000063 ± 0.000062 0.001228 ± 0.000044 14.0 ± 5.0 high
38 6026 6338 313 06/11/2001 0.000118 ± 0.000045 0.000798 ± 0.000032 27.0 ± 7.8 moderate
39 6339 6354 16 07/12/2001 −0.003044 ± 0.001068 0.004272 ± 0.000780 105.0 ± 2.6 extremely high
40 6355 6622 268 12/12/2001 0.000029 ± 0.000057 0.000925 ± 0.000040 78.0 ± 2.6 moderate
41 6623 6638 16 09/01/2002 −0.011029 ± 0.007074 0.028295 ± 0.005166 457.0 ± 2.6 extremely high
42 6639 6653 15 10/01/2002 0.012218 ± 0.000180 0.000699 ± 0.000132 1475.0 ± 1.8 low
43 6654 7437 784 11/01/2002 −0.000020 ± 0.000036 0.001001 ± 0.000025 868.0 ± 2.6 moderate
44 7439 7454 16 02/04/2002 −0.000368 ± 0.000645 0.002582 ± 0.000471 33.8 ± 2.7 very high
45 7455 7506 52 03/04/2002 −0.000508 ± 0.000079 0.000572 ± 0.000057 31.9 ± 2.2 low
46 7507 7627 121 09/04/2002 0.000133 ± 0.000093 0.001024 ± 0.000066 12.9 ± 3.6 moderate
47 7628 7644 17 18/04/2002 0.000203 ± 0.000061 0.000251 ± 0.000044 12.5 ± 2.5 low
48 7645 7689 45 19/04/2002 −0.000580 ± 0.000158 0.001057 ± 0.000113 12.1 ± 2.2 moderate
49 7690 8092 403 24/04/2002 −0.000146 ± 0.000066 0.001321 ± 0.000047 17.0 ± 4.0 high
50 8093 8424 332 03/06/2002 −0.000433 ± 0.000106 0.001935 ± 0.000075 24.0 ± 7.9 high
51 8425 8770 346 03/07/2002 −0.000104 ± 0.000183 0.003400 ± 0.000129 44.0 ± 7.6 very high
52 8773 8804 32 05/08/2002 0.001664 ± 0.000420 0.002374 ± 0.000302 65.0 ± 3.4 very high
53 8805 9054 250 07/08/2002 0.000138 ± 0.000118 0.001861 ± 0.000083 16.0 ± 3.4 high
54 9055 9089 35 30/08/2002 −0.000666 ± 0.000636 0.003765 ± 0.000457 15.6 ± 3.5 very high
55 9090 9564 475 04/09/2002 0.000081 ± 0.000087 0.001896 ± 0.000062 22.5 ± 3.7 high
56 9565 9690 126 18/10/2002 −0.000184 ± 0.000179 0.002007 ± 0.000127 11.8 ± 6.0 high
57 9691 10062 372 01/11/2002 0.000012 ± 0.000071 0.001365 ± 0.000050 36.0 ± 5.8 high
58 10064 10451 388 06/12/2002 −0.000016 ± 0.000050 0.000989 ± 0.000036 20.0 ± 8.1 moderate
59 10452 11217 766 15/01/2003 −0.000002 ± 0.000054 0.001508 ± 0.000039 28.0 ± 9.5 high
60 11219 11305 87 01/04/2003 0.000001 ± 0.000171 0.001594 ± 0.000122 12.9 ± 5.5 high
61 11308 11550 243 09/04/2003 0.000226 ± 0.000074 0.001158 ± 0.000053 16.7 ± 4.8 high
62 11551 11694 144 05/05/2003 0.000114 ± 0.000063 0.000759 ± 0.000045 13.7 ± 5.6 moderate
63 11695 11714 20 16/05/2003 −0.001715 ± 0.000590 0.002640 ± 0.000428 44.0 ± 2.7 very high
64 11715 11889 175 19/05/2003 0.000285 ± 0.000089 0.001175 ± 0.000063 20.8 ± 2.7 high
65 11890 11918 29 05/06/2003 0.000263 ± 0.000845 0.004551 ± 0.000608 44.1 ± 3.1 extremely high
66 11923 12535 613 07/06/2003 −0.000001 ± 0.000052 0.001295 ± 0.000037 50.2 ± 3.4 high
67 12538 13374 837 05/08/2003 0.000026 ± 0.000032 0.000923 ± 0.000023 75.0 ± 11.0 moderate
68 13375 13393 19 21/10/2003 −0.001603 ± 0.000534 0.002329 ± 0.000388 25.6 ± 2.9 very high
69 13394 13616 223 22/10/2003 0.000076 ± 0.000060 0.000889 ± 0.000042 23.5 ± 2.7 moderate
70 13617 13634 18 12/11/2003 0.001318 ± 0.000532 0.002258 ± 0.000387 24.8 ± 2.7 very high
71 13635 13814 180 13/11/2003 0.000091 ± 0.000077 0.001039 ± 0.000055 15.1 ± 2.6 moderate
72 13815 14779 965 02/12/2003 0.000074 ± 0.000023 0.000704 ± 0.000016 60.0 ± 7.6 low
73 14780 15042 263 10/03/2004 −0.000051 ± 0.000065 0.001059 ± 0.000046 51.0 ± 8.7 moderate
74 15043 15200 158 02/04/2004 0.000148 ± 0.000056 0.000699 ± 0.000039 13.3 ± 5.9 low
75 15201 15595 395 20/04/2004 −0.000072 ± 0.000054 0.001077 ± 0.000038 14.9 ± 6.3 moderate
76 15598 16059 462 26/05/2004 −0.000037 ± 0.000032 0.000686 ± 0.000023 34.0 ± 8.5 low
77 16060 16404 345 13/07/2004 −0.000169 ± 0.000059 0.001092 ± 0.000042 33.0 ± 8.3 moderate
78 16408 16884 477 13/08/2004 0.000095 ± 0.000033 0.000722 ± 0.000023 30.0 ± 8.3 low
79 16885 16960 76 29/09/2004 −0.000096 ± 0.000203 0.001768 ± 0.000144 58.0 ± 5.0 high
80 16963 16978 16 06/10/2004 −0.001452 ± 0.000206 0.000823 ± 0.000150 24.0 ± 2.2 moderate
81 16979 17227 249 07/10/2004 −0.000042 ± 0.000060 0.000951 ± 0.000043 28.0 ± 2.6 moderate
82 17228 17250 23 02/11/2004 0.000606 ± 0.000729 0.003494 ± 0.000527 40.0 ± 3.0 very high
83 17251 17697 447 04/11/2004 0.000147 ± 0.000038 0.000813 ± 0.000027 110.0 ± 3.1 moderate
84 17699 17714 16 16/12/2004 −0.001006 ± 0.000658 0.002634 ± 0.000481 41.7 ± 2.6 very high
85 17715 18346 632 17/12/2004 0.000007 ± 0.000028 0.000708 ± 0.000020 60.8 ± 2.7 low
86 18347 19086 740 18/02/2005 0.000038 ± 0.000034 0.000913 ± 0.000024 19.3 ± 10.8 moderate
87 19087 20709 1623 29/04/2005 0.000025 ± 0.000017 0.000693 ± 0.000012 34.0 ± 13.4 low
88 20710 20889 180 03/10/2005 −0.000096 ± 0.000067 0.000896 ± 0.000047 20.1 ± 8.0 moderate
89 20890 20910 21 19/10/2005 −0.000836 ± 0.000354 0.001623 ± 0.000257 15.9 ± 2.8 high
90 20911 22810 1900 21/10/2005 0.000008 ± 0.000016 0.000706 ± 0.000011 27.0 ± 3.2 low
47
m start end duration start date mean std dev ∆(m − 1,m) cluster
91 22813 22974 162 27/04/2006 −0.000069 ± 0.000039 0.000491 ± 0.000027 17.0 ± 7.7 low
92 22975 23632 658 12/05/2006 −0.000015 ± 0.000033 0.000856 ± 0.000024 20.0 ± 6.9 moderate
93 23633 23650 18 17/07/2006 −0.000424 ± 0.000517 0.002193 ± 0.000376 25.0 ± 2.8 very high
94 23653 23815 163 18/07/2006 0.000350 ± 0.000073 0.000930 ± 0.000052 14.0 ± 2.6 moderate
95 23818 25471 1654 02/08/2006 0.000036 ± 0.000016 0.000651 ± 0.000011 49.0 ± 7.7 low
96 25472 25931 460 11/01/2007 0.000036 ± 0.000023 0.000486 ± 0.000016 27.0 ± 11.4 low
97 25932 25965 34 26/02/2007 −0.000710 ± 0.000342 0.001994 ± 0.000245 121.0 ± 3.6 high
98 25966 26949 984 01/03/2007 0.000081 ± 0.000020 0.000633 ± 0.000014 76.0 ± 3.8 low
99 26950 27235 286 04/06/2007 −0.000142 ± 0.000050 0.000840 ± 0.000035 26.2 ± 9.0 moderate
100 27238 27436 199 29/06/2007 0.000042 ± 0.000038 0.000534 ± 0.000027 18.9 ± 6.4 low
101 27437 27733 297 20/07/2007 −0.000181 ± 0.000073 0.001256 ± 0.000052 110.0 ± 6.4 high
102 27734 28090 357 16/08/2007 0.000162 ± 0.000041 0.000768 ± 0.000029 36.0 ± 7.5 moderate
103 28093 28308 216 20/09/2007 0.000130 ± 0.000036 0.000532 ± 0.000026 15.0 ± 6.8 low
104 28309 28468 160 11/10/2007 −0.000115 ± 0.000073 0.000923 ± 0.000052 20.0 ± 5.7 moderate
105 28469 28519 51 25/10/2007 0.000112 ± 0.000052 0.000373 ± 0.000037 19.0 ± 3.8 low
106 28520 28872 353 31/10/2007 0.000022 ± 0.000059 0.001100 ± 0.000041 26.0 ± 4.2 moderate
107 28874 28941 68 04/12/2007 0.000259 ± 0.000061 0.000505 ± 0.000044 11.0 ± 4.6 low
108 28942 28962 21 11/12/2007 −0.000756 ± 0.000405 0.001855 ± 0.000293 27.0 ± 2.5 high
109 28964 29184 221 12/12/2007 −0.000130 ± 0.000054 0.000805 ± 0.000038 20.0 ± 2.8 moderate
110 29185 29202 18 04/01/2008 0.000533 ± 0.000503 0.002133 ± 0.000366 25.0 ± 2.7 very high
111 29204 29321 118 07/01/2008 −0.000214 ± 0.000094 0.001021 ± 0.000067 14.0 ± 2.5 moderate
112 29322 29350 29 18/01/2008 −0.001586 ± 0.000607 0.003271 ± 0.000437 72.0 ± 3.0 very high
113 29351 29856 506 23/01/2008 −0.000110 ± 0.000049 0.001103 ± 0.000035 57.0 ± 3.4 moderate
114 29857 29920 64 12/03/2008 −0.000066 ± 0.000248 0.001982 ± 0.000177 22.0 ± 4.7 high
115 29923 30370 448 18/03/2008 0.000027 ± 0.000049 0.001037 ± 0.000035 34.0 ± 4.6 moderate
116 30373 30666 294 30/04/2008 −0.000009 ± 0.000045 0.000777 ± 0.000032 15.1 ± 7.8 moderate
117 30667 31041 375 28/05/2008 −0.000090 ± 0.000059 0.001134 ± 0.000041 16.3 ± 7.6 moderate
118 31042 31058 17 07/07/2008 0.002089 ± 0.001150 0.004743 ± 0.000838 106.0 ± 2.7 extremely high
119 31059 31315 257 09/07/2008 0.000190 ± 0.000082 0.001312 ± 0.000058 45.0 ± 2.6 high
120 31318 31333 16 07/08/2008 0.001450 ± 0.000147 0.000588 ± 0.000107 18.0 ± 2.5 low
121 31334 31555 222 08/08/2008 −0.000083 ± 0.000060 0.000901 ± 0.000043 15.0 ± 2.5 moderate
Appendix B.6. Industrials
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 67 67 14/02/2000 0.000031 ± 0.000144 0.001179 ± 0.000103 - moderate
2 68 284 217 18/02/2000 0.000138 ± 0.000139 0.002051 ± 0.000099 17.0 ± 4.3 high
3 285 482 198 10/03/2000 0.000027 ± 0.000178 0.002509 ± 0.000126 10.7 ± 6.0 high
4 483 602 120 04/04/2000 −0.000240 ± 0.000366 0.004006 ± 0.000260 31.0 ± 5.1 extremely high
5 603 701 99 18/04/2000 0.000290 ± 0.000193 0.001921 ± 0.000137 30.0 ± 4.4 high
6 702 720 19 01/05/2000 −0.000589 ± 0.001123 0.004894 ± 0.000816 21.9 ± 2.5 extremely high
7 721 972 252 05/05/2000 −0.000053 ± 0.000131 0.002077 ± 0.000093 15.4 ± 2.8 high
8 973 990 18 30/05/2000 0.001589 ± 0.001630 0.006916 ± 0.001186 26.0 ± 2.7 extremely high
9 991 1035 45 05/06/2000 −0.000435 ± 0.000442 0.002963 ± 0.000316 8.8 ± 2.2 extremely high
10 1036 1560 525 12/06/2000 0.000020 ± 0.000064 0.001472 ± 0.000045 91.0 ± 4.1 moderate
11 1561 1812 252 07/08/2000 0.000150 ± 0.000051 0.000817 ± 0.000036 50.0 ± 7.7 low
12 1813 1860 48 29/08/2000 −0.000090 ± 0.000273 0.001895 ± 0.000195 25.0 ± 3.9 high
13 1861 2157 297 08/09/2000 −0.000073 ± 0.000069 0.001188 ± 0.000049 11.4 ± 4.0 moderate
14 2158 2371 214 05/10/2000 −0.000169 ± 0.000155 0.002269 ± 0.000110 36.0 ± 6.6 high
15 2372 2502 131 27/10/2000 0.000148 ± 0.000095 0.001091 ± 0.000068 13.5 ± 5.3 moderate
16 2503 2945 443 08/11/2000 −0.000096 ± 0.000099 0.002089 ± 0.000070 21.3 ± 6.1 high
17 2946 3011 66 22/12/2000 0.000245 ± 0.000125 0.001018 ± 0.000089 19.0 ± 4.7 moderate
18 3012 3062 51 29/12/2000 −0.000259 ± 0.000573 0.004089 ± 0.000409 44.0 ± 3.2 extremely high
19 3063 3243 181 05/01/2001 0.000050 ± 0.000126 0.001698 ± 0.000089 34.0 ± 3.8 high
20 3244 3374 131 26/01/2001 0.000004 ± 0.000089 0.001022 ± 0.000063 17.0 ± 5.2 moderate
21 3375 3392 18 08/02/2001 −0.000360 ± 0.015915 0.067520 ± 0.011580 358.0 ± 2.6 extremely low
22 3393 3407 15 12/02/2001 0.000487 ± 0.000256 0.000992 ± 0.000187 10944.0 ± 1.8 moderate
23 3408 3659 252 13/02/2001 −0.000122 ± 0.000107 0.001701 ± 0.000076 6571.0 ± 2.5 high
24 3660 3760 101 09/03/2001 −0.000339 ± 0.000237 0.002386 ± 0.000169 30.0 ± 5.1 high
25 3761 3781 21 20/03/2001 −0.001310 ± 0.000992 0.004547 ± 0.000719 18.1 ± 2.6 extremely high
26 3782 3870 89 23/03/2001 0.000182 ± 0.000184 0.001735 ± 0.000131 20.7 ± 2.6 high
27 3871 4050 180 02/04/2001 0.000285 ± 0.000238 0.003194 ± 0.000169 14.7 ± 4.6 extremely high
28 4051 4260 210 23/04/2001 0.000091 ± 0.000100 0.001447 ± 0.000071 42.0 ± 5.8 moderate
29 4261 4286 26 11/05/2001 0.000067 ± 0.000119 0.000607 ± 0.000086 12.0 ± 3.1 low
30 4287 4305 19 14/05/2001 0.001392 ± 0.001120 0.004882 ± 0.000814 22.0 ± 2.0 extremely high
31 4306 4320 15 18/05/2001 0.000226 ± 0.000156 0.000604 ± 0.000114 72.0 ± 1.8 low
32 4321 4870 550 21/05/2001 −0.000143 ± 0.000056 0.001312 ± 0.000040 70.0 ± 2.6 moderate
33 4871 4890 20 11/07/2001 0.000969 ± 0.000679 0.003035 ± 0.000492 20.8 ± 2.9 extremely high
34 4891 4959 69 13/07/2001 0.000066 ± 0.000157 0.001302 ± 0.000112 11.5 ± 2.5 moderate
35 4960 5283 324 19/07/2001 −0.000081 ± 0.000056 0.001004 ± 0.000039 9.9 ± 4.6 moderate
36 5284 5327 44 21/08/2001 0.000191 ± 0.000394 0.002611 ± 0.000282 24.2 ± 3.9 high
37 5328 5394 67 24/08/2001 −0.000118 ± 0.000126 0.001031 ± 0.000090 13.2 ± 3.1 moderate
38 5395 5567 173 04/09/2001 −0.000882 ± 0.000376 0.004943 ± 0.000267 231.0 ± 4.2 extremely high
39 5568 6002 435 24/09/2001 0.000141 ± 0.000088 0.001833 ± 0.000062 281.0 ± 6.6 high
40 6003 6427 425 05/11/2001 0.000080 ± 0.000062 0.001270 ± 0.000044 24.0 ± 8.6 moderate
48
m start end duration start date mean std dev ∆(m − 1,m) cluster
41 6428 6537 110 19/12/2001 0.000076 ± 0.000061 0.000644 ± 0.000044 26.7 ± 5.7 low
42 6538 6702 165 31/12/2001 −0.000180 ± 0.000086 0.001107 ± 0.000061 15.9 ± 4.8 moderate
43 6703 6943 241 16/01/2002 −0.000060 ± 0.000114 0.001764 ± 0.000081 10.3 ± 5.8 high
44 6944 7823 880 08/02/2002 −0.000017 ± 0.000046 0.001355 ± 0.000032 9.9 ± 8.3 moderate
45 7824 7845 22 07/05/2002 0.000660 ± 0.000736 0.003453 ± 0.000533 24.3 ± 3.1 extremely high
46 7846 8082 237 09/05/2002 −0.000026 ± 0.000083 0.001279 ± 0.000059 23.1 ± 2.9 moderate
47 8083 8395 313 31/05/2002 −0.000133 ± 0.000102 0.001811 ± 0.000072 11.4 ± 6.8 high
48 8396 8775 380 01/07/2002 −0.000125 ± 0.000169 0.003298 ± 0.000120 248.0 ± 7.7 extremely high
49 8776 8792 17 06/08/2002 −0.000291 ± 0.000533 0.002198 ± 0.000389 32.0 ± 2.7 high
50 8793 9342 550 07/08/2002 −0.000081 ± 0.000094 0.002198 ± 0.000066 22.0 ± 2.8 high
51 9343 9540 198 27/09/2002 0.000080 ± 0.000288 0.004046 ± 0.000204 40.0 ± 7.2 extremely high
52 9541 9556 16 17/10/2002 −0.000050 ± 0.000529 0.002118 ± 0.000387 156.0 ± 2.5 high
53 9557 10143 587 18/10/2002 0.000035 ± 0.000076 0.001846 ± 0.000054 13.0 ± 2.7 high
54 10144 10454 311 16/12/2002 0.000007 ± 0.000072 0.001262 ± 0.000051 24.0 ± 8.4 moderate
55 10455 10502 48 15/01/2003 −0.000769 ± 0.000532 0.003682 ± 0.000380 60.9 ± 4.0 extremely high
56 10503 11003 501 23/01/2003 −0.000098 ± 0.000069 0.001555 ± 0.000049 40.4 ± 4.2 moderate
57 11004 11223 220 12/03/2003 0.000250 ± 0.000137 0.002026 ± 0.000097 10.6 ± 7.4 high
58 11224 11264 41 02/04/2003 0.000006 ± 0.000153 0.000977 ± 0.000109 16.4 ± 3.7 moderate
59 11265 11282 18 04/04/2003 0.000099 ± 0.000844 0.003581 ± 0.000614 125.0 ± 2.2 extremely high
60 11283 11892 610 08/04/2003 0.000102 ± 0.000049 0.001202 ± 0.000034 120.0 ± 2.8 moderate
61 11893 11925 33 05/06/2003 −0.000153 ± 0.000506 0.002907 ± 0.000363 19.0 ± 3.7 extremely high
62 11926 12162 237 09/06/2003 −0.000027 ± 0.000063 0.000971 ± 0.000045 24.0 ± 3.4 moderate
63 12163 12210 48 30/06/2003 0.000358 ± 0.000308 0.002137 ± 0.000220 21.0 ± 3.9 high
64 12211 12226 16 07/07/2003 −0.000084 ± 0.000202 0.000809 ± 0.000148 16.0 ± 2.2 low
65 12227 13275 1049 08/07/2003 0.000036 ± 0.000036 0.001181 ± 0.000026 15.0 ± 2.7 moderate
66 13276 14736 1461 13/10/2003 0.000037 ± 0.000021 0.000821 ± 0.000015 105.0 ± 14.5 low
67 14737 14782 46 05/03/2004 −0.000308 ± 0.000073 0.000494 ± 0.000052 12.0 ± 4.4 low
68 14783 14897 115 10/03/2004 −0.000146 ± 0.000132 0.001412 ± 0.000093 19.0 ± 3.5 moderate
69 14898 15557 660 22/03/2004 0.000025 ± 0.000043 0.001115 ± 0.000031 10.0 ± 6.1 moderate
70 15558 16035 478 24/05/2004 0.000049 ± 0.000038 0.000835 ± 0.000027 39.0 ± 9.8 low
71 16036 16137 102 12/07/2004 0.000051 ± 0.000063 0.000631 ± 0.000044 10.0 ± 5.6 low
72 16138 16410 273 20/07/2004 −0.000080 ± 0.000072 0.001197 ± 0.000051 28.0 ± 5.2 moderate
73 16411 17230 820 16/08/2004 0.000047 ± 0.000028 0.000813 ± 0.000020 30.0 ± 8.6 low
74 17231 17271 41 02/11/2004 0.000302 ± 0.000211 0.001351 ± 0.000151 12.0 ± 4.1 moderate
75 17272 17716 445 05/11/2004 0.000046 ± 0.000036 0.000756 ± 0.000025 21.0 ± 3.9 low
76 17717 17806 90 20/12/2004 0.000013 ± 0.000057 0.000536 ± 0.000040 17.0 ± 5.3 low
77 17807 17847 41 29/12/2004 0.000019 ± 0.000048 0.000308 ± 0.000034 10.0 ± 3.2 low
78 17848 18882 1035 31/12/2004 −0.000016 ± 0.000024 0.000771 ± 0.000017 13.0 ± 4.1 low
79 18883 19052 170 11/04/2005 −0.000101 ± 0.000098 0.001276 ± 0.000069 51.0 ± 7.5 moderate
80 19053 19283 231 27/04/2005 0.000069 ± 0.000059 0.000901 ± 0.000042 36.0 ± 5.8 low
81 19284 20877 1594 18/05/2005 −0.000003 ± 0.000020 0.000790 ± 0.000014 13.8 ± 8.8 low
82 20878 20970 93 18/10/2005 −0.000020 ± 0.000120 0.001155 ± 0.000085 12.0 ± 6.0 moderate
83 20971 22845 1875 27/10/2005 0.000046 ± 0.000017 0.000721 ± 0.000012 22.0 ± 6.1 low
84 22846 22872 27 02/05/2006 0.000098 ± 0.000062 0.000322 ± 0.000045 13.2 ± 3.5 low
85 22873 22891 19 03/05/2006 0.000534 ± 0.000272 0.001186 ± 0.000198 12.4 ± 2.1 moderate
86 22892 22941 50 05/05/2006 0.000025 ± 0.000048 0.000339 ± 0.000034 11.4 ± 2.3 low
87 22942 22962 21 10/05/2006 −0.000254 ± 0.000171 0.000785 ± 0.000124 14.2 ± 2.4 low
88 22963 23730 768 11/05/2006 −0.000081 ± 0.000044 0.001233 ± 0.000031 158.0 ± 3.1 moderate
89 23731 23956 226 26/07/2006 0.000051 ± 0.000067 0.001010 ± 0.000048 23.0 ± 8.0 moderate
90 23957 24207 251 16/08/2006 −0.000002 ± 0.000042 0.000670 ± 0.000030 120.0 ± 6.4 low
91 24208 24381 174 08/09/2006 0.000088 ± 0.000076 0.001009 ± 0.000054 14.8 ± 6.0 moderate
92 24382 25579 1198 26/09/2006 0.000031 ± 0.000021 0.000722 ± 0.000015 17.0 ± 7.6 low
93 25580 25934 355 23/01/2007 0.000043 ± 0.000029 0.000546 ± 0.000021 23.0 ± 10.0 low
94 25935 25967 33 26/02/2007 −0.000522 ± 0.000385 0.002214 ± 0.000277 106.0 ± 3.5 high
95 25968 26311 344 01/03/2007 0.000041 ± 0.000049 0.000910 ± 0.000035 58.0 ± 3.5 low
96 26312 26487 176 03/04/2007 0.000045 ± 0.000034 0.000456 ± 0.000024 41.0 ± 6.4 low
97 26488 26952 465 19/04/2007 0.000084 ± 0.000035 0.000757 ± 0.000025 22.5 ± 6.8 low
98 26953 27240 288 04/06/2007 −0.000001 ± 0.000061 0.001030 ± 0.000043 15.8 ± 7.9 moderate
99 27241 27432 192 02/07/2007 0.000123 ± 0.000054 0.000744 ± 0.000038 10.5 ± 6.3 low
100 27433 27639 207 19/07/2007 −0.000112 ± 0.000102 0.001469 ± 0.000072 68.0 ± 5.9 moderate
101 27640 27735 96 08/08/2007 −0.000296 ± 0.000264 0.002589 ± 0.000188 20.0 ± 4.8 high
102 27736 28065 330 17/08/2007 0.000117 ± 0.000068 0.001236 ± 0.000048 44.0 ± 5.2 moderate
103 28066 28312 247 19/09/2007 0.000053 ± 0.000047 0.000739 ± 0.000033 35.0 ± 7.0 low
104 28313 28474 162 11/10/2007 −0.000109 ± 0.000100 0.001274 ± 0.000071 40.0 ± 5.8 moderate
105 28475 28522 48 26/10/2007 0.000105 ± 0.000075 0.000519 ± 0.000054 19.1 ± 3.7 low
106 28523 29056 534 31/10/2007 −0.000030 ± 0.000064 0.001475 ± 0.000045 25.0 ± 4.2 moderate
107 29057 29174 118 21/12/2007 −0.000085 ± 0.000094 0.001016 ± 0.000066 10.4 ± 6.0 moderate
108 29175 29309 135 03/01/2008 −0.000402 ± 0.000171 0.001990 ± 0.000122 61.0 ± 4.7 high
109 29310 29377 68 17/01/2008 0.000267 ± 0.000365 0.003007 ± 0.000260 9.3 ± 4.0 extremely high
110 29378 29424 47 25/01/2008 0.000157 ± 0.000146 0.001003 ± 0.000105 25.0 ± 3.2 moderate
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111 29425 29832 408 30/01/2008 −0.000061 ± 0.000075 0.001518 ± 0.000053 11.3 ± 4.1 moderate
112 29833 29955 123 10/03/2008 0.000290 ± 0.000213 0.002368 ± 0.000152 23.0 ± 5.9 high
113 29956 30152 197 24/03/2008 0.000049 ± 0.000083 0.001168 ± 0.000059 34.0 ± 5.2 moderate
114 30153 30169 17 10/04/2008 −0.000946 ± 0.000867 0.003577 ± 0.000632 27.0 ± 2.6 extremely high
115 30170 30207 38 11/04/2008 −0.000042 ± 0.000127 0.000785 ± 0.000091 24.0 ± 2.1 low
116 30208 30255 48 15/04/2008 0.000408 ± 0.000292 0.002023 ± 0.000209 13.0 ± 2.8 high
117 30256 30576 321 21/04/2008 0.000089 ± 0.000056 0.000997 ± 0.000039 45.0 ± 4.0 moderate
118 30577 30632 56 19/05/2008 −0.000492 ± 0.000186 0.001394 ± 0.000133 11.0 ± 4.3 moderate
119 30633 30747 115 23/05/2008 0.000137 ± 0.000096 0.001028 ± 0.000068 12.0 ± 3.7 moderate
120 30748 30825 78 05/06/2008 −0.000272 ± 0.000240 0.002119 ± 0.000171 30.0 ± 4.1 high
121 30826 31026 201 13/06/2008 −0.000249 ± 0.000100 0.001424 ± 0.000071 7.9 ± 4.5 moderate
122 31027 31097 71 03/07/2008 −0.000142 ± 0.000377 0.003177 ± 0.000268 24.0 ± 4.4 extremely high
123 31098 31557 460 15/07/2008 0.000079 ± 0.000072 0.001537 ± 0.000051 35.0 ± 4.9 moderate
Appendix B.7. Consumer Goods
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 211 211 14/02/2000 −0.000082 ± 0.000104 0.001517 ± 0.000074 - high
2 212 226 15 06/03/2000 −0.000548 ± 0.000285 0.001103 ± 0.000209 42.0 ± 2.5 high
3 227 244 18 07/03/2000 −0.001438 ± 0.001211 0.005139 ± 0.000881 14.0 ± 1.8 extremely high
4 245 473 229 08/03/2000 0.000190 ± 0.000135 0.002041 ± 0.000096 15.0 ± 2.7 extremely high
5 474 490 17 03/04/2000 0.000447 ± 0.001368 0.005639 ± 0.000997 23.0 ± 2.6 extremely high
6 491 602 112 04/04/2000 −0.000361 ± 0.000253 0.002675 ± 0.000180 10.7 ± 2.5 extremely high
7 603 676 74 18/04/2000 0.000043 ± 0.000204 0.001759 ± 0.000146 13.0 ± 4.0 extremely high
8 677 867 191 28/04/2000 0.000114 ± 0.000074 0.001016 ± 0.000052 14.0 ± 4.4 high
9 868 924 57 18/05/2000 −0.000067 ± 0.000280 0.002114 ± 0.000200 24.0 ± 4.0 extremely high
10 925 1016 92 24/05/2000 0.000029 ± 0.000102 0.000983 ± 0.000073 17.7 ± 3.5 high
11 1017 1035 19 06/06/2000 0.000073 ± 0.000613 0.002672 ± 0.000445 15.9 ± 2.5 extremely high
12 1036 1051 16 12/06/2000 −0.000199 ± 0.000150 0.000602 ± 0.000110 22.0 ± 1.8 low
13 1052 1530 479 13/06/2000 0.000008 ± 0.000053 0.001159 ± 0.000037 18.0 ± 2.7 high
14 1531 1546 16 03/08/2000 −0.000104 ± 0.000197 0.000787 ± 0.000144 23.3 ± 2.7 moderate
15 1547 1917 371 04/08/2000 −0.000013 ± 0.000042 0.000806 ± 0.000030 15.0 ± 2.6 moderate
16 1918 2217 300 13/09/2000 0.000010 ± 0.000072 0.001247 ± 0.000051 18.7 ± 7.6 high
17 2218 2355 138 11/10/2000 −0.000033 ± 0.000185 0.002174 ± 0.000131 66.0 ± 5.8 extremely high
18 2356 2879 524 26/10/2000 0.000051 ± 0.000049 0.001133 ± 0.000035 45.0 ± 6.3 high
19 2880 2913 34 14/12/2000 −0.000383 ± 0.000419 0.002444 ± 0.000301 26.7 ± 3.7 extremely high
20 2914 3037 124 20/12/2000 0.000086 ± 0.000087 0.000969 ± 0.000062 27.0 ± 3.2 high
21 3038 3062 25 03/01/2001 −0.000673 ± 0.000625 0.003125 ± 0.000451 39.1 ± 2.9 extremely high
22 3063 3271 209 05/01/2001 0.000076 ± 0.000082 0.001186 ± 0.000058 30.5 ± 3.0 high
23 3272 3289 18 30/01/2001 −0.000060 ± 0.000175 0.000744 ± 0.000128 25.9 ± 2.7 moderate
24 3290 3404 115 31/01/2001 0.000174 ± 0.000061 0.000657 ± 0.000044 14.2 ± 2.5 moderate
25 3405 3764 360 12/02/2001 −0.000122 ± 0.000067 0.001270 ± 0.000047 18.0 ± 5.6 high
26 3765 3781 17 20/03/2001 −0.001105 ± 0.000922 0.003802 ± 0.000672 44.0 ± 2.7 extremely high
27 3782 3947 166 23/03/2001 0.000077 ± 0.000139 0.001796 ± 0.000099 12.0 ± 2.6 extremely high
28 3948 4148 201 09/04/2001 0.000119 ± 0.000074 0.001045 ± 0.000052 90.0 ± 5.6 high
29 4149 4301 153 01/05/2001 −0.000029 ± 0.000058 0.000721 ± 0.000041 11.0 ± 5.5 moderate
30 4302 4320 19 15/05/2001 0.000513 ± 0.000486 0.002117 ± 0.000353 25.4 ± 2.6 extremely high
31 4321 5185 865 21/05/2001 −0.000006 ± 0.000028 0.000837 ± 0.000020 24.0 ± 2.9 moderate
32 5186 5259 74 10/08/2001 0.000120 ± 0.000061 0.000529 ± 0.000044 10.6 ± 5.3 low
33 5260 5427 168 17/08/2001 0.000088 ± 0.000087 0.001125 ± 0.000062 25.8 ± 4.3 high
34 5428 5582 155 10/09/2001 −0.000273 ± 0.000231 0.002878 ± 0.000164 197.0 ± 5.3 extremely high
35 5583 6049 467 25/09/2001 0.000050 ± 0.000045 0.000969 ± 0.000032 284.0 ± 6.5 high
36 6050 6532 483 08/11/2001 0.000016 ± 0.000032 0.000696 ± 0.000022 19.0 ± 9.0 moderate
37 6533 6586 54 31/12/2001 −0.000176 ± 0.000160 0.001175 ± 0.000114 20.8 ± 4.4 high
38 6587 6899 313 07/01/2002 0.000047 ± 0.000040 0.000713 ± 0.000029 13.7 ± 4.2 moderate
39 6900 6931 32 05/02/2002 −0.000263 ± 0.000273 0.001545 ± 0.000196 21.7 ± 3.4 high
40 6932 6946 15 08/02/2002 0.000342 ± 0.000173 0.000669 ± 0.000126 27.4 ± 2.0 moderate
41 6947 7187 241 11/02/2002 0.000081 ± 0.000055 0.000852 ± 0.000039 11.7 ± 2.5 moderate
42 7188 8067 880 08/03/2002 0.000025 ± 0.000025 0.000732 ± 0.000017 12.6 ± 8.3 moderate
43 8068 8235 168 30/05/2002 −0.000017 ± 0.000090 0.001172 ± 0.000064 56.0 ± 7.3 high
44 8236 8307 72 17/06/2002 −0.000066 ± 0.000076 0.000649 ± 0.000054 13.1 ± 4.3 low
45 8308 8497 190 21/06/2002 −0.000177 ± 0.000101 0.001393 ± 0.000072 12.2 ± 4.3 high
46 8498 8776 279 10/07/2002 −0.000060 ± 0.000157 0.002618 ± 0.000111 87.0 ± 6.3 extremely high
47 8777 9027 251 06/08/2002 0.000046 ± 0.000079 0.001258 ± 0.000056 74.0 ± 6.8 high
48 9028 9061 34 28/08/2002 −0.000351 ± 0.000362 0.002110 ± 0.000260 10.1 ± 3.5 extremely high
49 9062 9233 172 03/09/2002 −0.000011 ± 0.000086 0.001134 ± 0.000061 16.0 ± 3.3 high
50 9234 9466 233 18/09/2002 −0.000093 ± 0.000131 0.001993 ± 0.000093 20.0 ± 5.9 extremely high
51 9467 9693 227 10/10/2002 0.000045 ± 0.000104 0.001565 ± 0.000074 12.8 ± 6.3 high
52 9694 10291 598 01/11/2002 −0.000018 ± 0.000041 0.001006 ± 0.000029 94.0 ± 7.7 high
53 10292 10307 16 31/12/2002 0.000529 ± 0.000481 0.001922 ± 0.000351 16.3 ± 2.7 extremely high
54 10308 10514 207 02/01/2003 −0.000051 ± 0.000057 0.000823 ± 0.000041 16.7 ± 2.5 moderate
55 10515 11114 600 23/01/2003 −0.000010 ± 0.000053 0.001302 ± 0.000038 44.0 ± 7.4 high
56 11115 11266 152 21/03/2003 −0.000065 ± 0.000155 0.001913 ± 0.000110 22.4 ± 6.7 extremely high
57 11267 11520 254 07/04/2003 −0.000002 ± 0.000079 0.001262 ± 0.000056 14.6 ± 5.8 high
58 11521 11536 16 01/05/2003 0.000475 ± 0.000206 0.000823 ± 0.000150 72.0 ± 2.6 high
59 11537 12193 657 02/05/2003 0.000082 ± 0.000033 0.000852 ± 0.000024 10.0 ± 2.7 moderate
60 12194 12549 356 02/07/2003 −0.000060 ± 0.000056 0.001057 ± 0.000040 11.5 ± 9.0 high
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61 12550 12702 153 06/08/2003 0.000034 ± 0.000044 0.000544 ± 0.000031 37.0 ± 6.2 low
62 12703 13727 1025 20/08/2003 0.000042 ± 0.000023 0.000740 ± 0.000016 8.0 ± 7.1 moderate
63 13728 13877 150 24/11/2003 0.000020 ± 0.000048 0.000587 ± 0.000034 21.0 ± 7.1 low
64 13878 14774 897 09/12/2003 0.000047 ± 0.000019 0.000581 ± 0.000014 11.0 ± 7.0 low
65 14775 14896 122 09/03/2004 −0.000130 ± 0.000093 0.001024 ± 0.000066 45.0 ± 6.4 high
66 14897 14911 15 22/03/2004 −0.000065 ± 0.000155 0.000601 ± 0.000114 13.0 ± 2.4 low
67 14912 15203 292 23/03/2004 0.000093 ± 0.000035 0.000599 ± 0.000025 14.0 ± 2.5 low
68 15204 15482 279 20/04/2004 −0.000060 ± 0.000058 0.000964 ± 0.000041 30.0 ± 7.0 high
69 15483 15895 413 17/05/2004 0.000031 ± 0.000031 0.000635 ± 0.000022 26.0 ± 7.6 low
70 15896 15915 20 25/06/2004 0.000240 ± 0.000338 0.001512 ± 0.000245 18.0 ± 2.9 high
71 15916 16137 222 29/06/2004 −0.000049 ± 0.000037 0.000552 ± 0.000026 23.0 ± 2.8 low
72 16138 16230 93 20/07/2004 −0.000265 ± 0.000133 0.001285 ± 0.000095 45.0 ± 4.8 high
73 16231 16764 534 29/07/2004 0.000013 ± 0.000028 0.000649 ± 0.000020 45.0 ± 5.5 low
74 16765 16785 21 17/09/2004 −0.000864 ± 0.000445 0.002039 ± 0.000322 46.0 ± 3.0 extremely high
75 16786 16802 17 21/09/2004 −0.000135 ± 0.000227 0.000938 ± 0.000166 41.0 ± 1.9 moderate
76 16803 17230 428 22/09/2004 0.000020 ± 0.000033 0.000676 ± 0.000023 11.0 ± 2.7 moderate
77 17231 17259 29 02/11/2004 0.000464 ± 0.000266 0.001434 ± 0.000192 20.0 ± 3.4 high
78 17260 17748 489 04/11/2004 0.000058 ± 0.000029 0.000649 ± 0.000021 35.0 ± 3.4 low
79 17749 17806 58 22/12/2004 0.000024 ± 0.000059 0.000449 ± 0.000042 15.0 ± 4.5 low
80 17807 17847 41 29/12/2004 0.000059 ± 0.000041 0.000264 ± 0.000030 11.0 ± 2.9 low
81 17848 18138 291 31/12/2004 −0.000006 ± 0.000042 0.000710 ± 0.000029 10.0 ± 3.8 moderate
82 18139 18239 101 31/01/2005 0.000086 ± 0.000044 0.000438 ± 0.000031 14.0 ± 5.2 low
83 18240 18274 35 08/02/2005 −0.000056 ± 0.000144 0.000850 ± 0.000103 12.0 ± 3.1 moderate
84 18275 18892 618 11/02/2005 −0.000026 ± 0.000025 0.000621 ± 0.000018 15.0 ± 3.8 low
85 18893 18982 90 12/04/2005 −0.000132 ± 0.000087 0.000824 ± 0.000062 41.0 ± 5.5 moderate
86 18983 19275 293 20/04/2005 0.000056 ± 0.000055 0.000935 ± 0.000039 12.0 ± 5.0 high
87 19276 20847 1572 18/05/2005 −0.000006 ± 0.000018 0.000704 ± 0.000013 19.0 ± 9.6 moderate
88 20848 21001 154 14/10/2005 0.000043 ± 0.000089 0.001100 ± 0.000063 29.0 ± 7.5 high
89 21002 21496 495 31/10/2005 0.000036 ± 0.000027 0.000604 ± 0.000019 67.0 ± 6.5 low
90 21497 21824 328 16/12/2005 −0.000014 ± 0.000028 0.000505 ± 0.000020 12.9 ± 8.3 low
91 21825 21961 137 19/01/2006 −0.000055 ± 0.000069 0.000803 ± 0.000049 17.6 ± 5.9 moderate
92 21962 22722 761 03/02/2006 0.000004 ± 0.000020 0.000563 ± 0.000014 14.9 ± 6.6 low
93 22723 22767 45 19/04/2006 0.000057 ± 0.000105 0.000706 ± 0.000075 52.0 ± 4.2 moderate
94 22768 22786 19 24/04/2006 0.000276 ± 0.000352 0.001535 ± 0.000256 13.5 ± 2.3 high
95 22787 22906 120 26/04/2006 0.000021 ± 0.000054 0.000593 ± 0.000038 16.7 ± 2.6 low
96 22907 22942 36 08/05/2006 0.000061 ± 0.000030 0.000181 ± 0.000022 22.4 ± 3.2 low
97 22943 23291 349 10/05/2006 −0.000080 ± 0.000047 0.000879 ± 0.000033 29.5 ± 3.6 moderate
98 23292 23940 649 13/06/2006 0.000047 ± 0.000030 0.000756 ± 0.000021 10.2 ± 8.9 moderate
99 23941 24147 207 15/08/2006 0.000072 ± 0.000027 0.000390 ± 0.000019 71.0 ± 7.5 low
100 24148 24970 823 01/09/2006 0.000029 ± 0.000019 0.000558 ± 0.000014 8.6 ± 7.8 low
101 24971 25004 34 20/11/2006 0.000018 ± 0.000046 0.000271 ± 0.000033 10.0 ± 3.8 low
102 25005 25099 95 22/11/2006 −0.000007 ± 0.000082 0.000795 ± 0.000058 14.0 ± 3.1 moderate
103 25100 25376 277 04/12/2006 0.000015 ± 0.000025 0.000417 ± 0.000018 25.0 ± 5.1 low
104 25377 25414 38 29/12/2006 −0.000059 ± 0.000142 0.000874 ± 0.000102 10.9 ± 3.6 moderate
105 25415 25934 520 05/01/2007 0.000028 ± 0.000020 0.000466 ± 0.000014 17.2 ± 3.8 low
106 25935 25967 33 26/02/2007 −0.000391 ± 0.000350 0.002011 ± 0.000251 154.0 ± 3.6 extremely high
107 25968 26042 75 01/03/2007 0.000000 ± 0.000103 0.000891 ± 0.000073 36.0 ± 2.9 moderate
108 26043 26082 40 08/03/2007 0.000049 ± 0.000069 0.000436 ± 0.000049 11.9 ± 3.1 low
109 26083 26186 104 12/03/2007 0.000050 ± 0.000089 0.000909 ± 0.000063 17.6 ± 3.3 moderate
110 26187 26217 31 21/03/2007 0.000029 ± 0.000053 0.000293 ± 0.000038 14.2 ± 3.0 low
111 26218 26311 94 23/03/2007 0.000051 ± 0.000093 0.000899 ± 0.000066 16.3 ± 3.0 moderate
112 26312 26382 71 03/04/2007 0.000046 ± 0.000036 0.000305 ± 0.000026 33.0 ± 3.8 low
113 26383 26842 460 10/04/2007 0.000033 ± 0.000026 0.000561 ± 0.000019 11.0 ± 4.9 low
114 26843 27219 377 23/05/2007 −0.000017 ± 0.000038 0.000730 ± 0.000027 17.0 ± 8.5 moderate
115 27220 27241 22 28/06/2007 0.000098 ± 0.000302 0.001416 ± 0.000218 10.0 ± 3.0 high
116 27242 27492 251 02/07/2007 −0.000016 ± 0.000043 0.000676 ± 0.000030 23.0 ± 2.9 moderate
117 27493 27736 244 25/07/2007 −0.000069 ± 0.000094 0.001470 ± 0.000067 83.0 ± 6.5 high
118 27737 27975 239 17/08/2007 0.000033 ± 0.000060 0.000934 ± 0.000043 21.0 ± 6.5 high
119 27976 28065 90 11/09/2007 0.000185 ± 0.000075 0.000709 ± 0.000053 24.0 ± 4.9 moderate
120 28066 28392 327 19/09/2007 0.000025 ± 0.000032 0.000583 ± 0.000023 12.0 ± 5.1 low
121 28393 28522 130 18/10/2007 0.000036 ± 0.000077 0.000875 ± 0.000054 49.0 ± 5.8 moderate
122 28523 28801 279 31/10/2007 −0.000032 ± 0.000071 0.001194 ± 0.000051 12.0 ± 5.6 high
123 28802 28944 143 28/11/2007 0.000120 ± 0.000054 0.000650 ± 0.000039 25.0 ± 5.8 moderate
124 28945 28966 22 11/12/2007 −0.000390 ± 0.000458 0.002147 ± 0.000331 38.0 ± 2.8 extremely high
125 28967 29142 176 13/12/2007 −0.000042 ± 0.000058 0.000771 ± 0.000041 27.0 ± 2.8 moderate
126 29143 29314 172 31/12/2007 −0.000183 ± 0.000088 0.001152 ± 0.000062 12.0 ± 5.5 high
127 29315 29353 39 18/01/2008 −0.000114 ± 0.000536 0.003349 ± 0.000384 98.0 ± 3.5 extremely high
128 29354 29862 509 23/01/2008 −0.000001 ± 0.000047 0.001058 ± 0.000033 81.0 ± 3.9 high
129 29863 29955 93 12/03/2008 0.000128 ± 0.000189 0.001821 ± 0.000134 25.0 ± 5.5 extremely high
130 29956 30380 425 24/03/2008 −0.000000 ± 0.000039 0.000809 ± 0.000028 75.0 ± 5.3 moderate
131 30381 30702 322 01/05/2008 −0.000002 ± 0.000041 0.000732 ± 0.000029 15.0 ± 8.0 moderate
132 30703 31042 340 30/05/2008 −0.000153 ± 0.000060 0.001115 ± 0.000043 28.0 ± 7.6 high
133 31043 31320 278 07/07/2008 0.000150 ± 0.000086 0.001435 ± 0.000061 12.0 ± 7.3 high
134 31321 31336 16 08/08/2008 0.000344 ± 0.000116 0.000463 ± 0.000085 21.0 ± 2.6 moderate
135 31337 31557 221 11/08/2008 −0.000047 ± 0.000064 0.000949 ± 0.000045 13.0 ± 2.5 high
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m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 282 282 14/02/2000 0.000290 ± 0.000147 0.002461 ± 0.000147 - high
2 283 464 182 10/03/2000 −0.000166 ± 0.000290 0.003916 ± 0.000291 23.0 ± 6.2 very high
3 465 630 166 31/03/2000 −0.000530 ± 0.000608 0.007838 ± 0.000610 34.0 ± 5.5 extremely high
4 631 971 341 25/04/2000 −0.000057 ± 0.000228 0.004211 ± 0.000228 41.0 ± 6.3 very high
5 972 990 19 30/05/2000 0.002926 ± 0.002237 0.009752 ± 0.002299 17.0 ± 2.8 extremely high
6 991 1482 492 05/06/2000 0.000013 ± 0.000101 0.002232 ± 0.000101 87.0 ± 2.9 high
7 1483 1546 64 25/07/2000 −0.000514 ± 0.000602 0.004820 ± 0.000607 42.0 ± 4.7 very high
8 1547 1827 281 04/08/2000 0.000195 ± 0.000110 0.001840 ± 0.000110 55.0 ± 4.4 moderate
9 1828 1917 90 30/08/2000 −0.000409 ± 0.000237 0.002244 ± 0.000238 11.4 ± 5.0 high
10 1918 2202 285 13/09/2000 −0.000325 ± 0.000196 0.003301 ± 0.000196 39.0 ± 5.0 very high
11 2203 2235 33 10/10/2000 −0.000412 ± 0.001108 0.006367 ± 0.001126 22.0 ± 3.5 extremely high
12 2236 2275 40 13/10/2000 0.000266 ± 0.000365 0.002311 ± 0.000370 15.2 ± 2.6 high
13 2276 2295 20 17/10/2000 0.001015 ± 0.002270 0.010150 ± 0.002328 15.8 ± 2.3 extremely high
14 2296 2824 529 19/10/2000 −0.000094 ± 0.000191 0.004400 ± 0.000191 15.9 ± 2.9 very high
15 2825 2879 55 11/12/2000 −0.000874 ± 0.000363 0.002690 ± 0.000366 11.1 ± 4.5 very high
16 2880 2942 63 14/12/2000 −0.000927 ± 0.000915 0.007259 ± 0.000922 22.3 ± 3.2 extremely high
17 2943 3031 89 22/12/2000 −0.000574 ± 0.000348 0.003287 ± 0.000350 22.2 ± 3.6 very high
18 3032 3047 16 03/01/2001 0.005435 ± 0.002673 0.010691 ± 0.002760 17.6 ± 2.3 extremely high
19 3048 3242 195 04/01/2001 0.000089 ± 0.000332 0.004638 ± 0.000333 20.0 ± 2.5 very high
20 3243 3295 53 26/01/2001 0.000530 ± 0.000261 0.001903 ± 0.000264 22.5 ± 3.9 moderate
21 3296 3389 94 31/01/2001 −0.000944 ± 0.000300 0.002906 ± 0.000301 10.6 ± 3.5 very high
22 3390 3644 255 09/02/2001 −0.000223 ± 0.000288 0.004607 ± 0.000289 25.3 ± 5.0 very high
23 3645 3760 116 07/03/2001 −0.000504 ± 0.000476 0.005124 ± 0.000478 18.2 ± 5.3 extremely high
24 3761 3781 21 20/03/2001 0.000295 ± 0.001589 0.007280 ± 0.001628 12.1 ± 2.7 extremely high
25 3782 3870 89 23/03/2001 −0.000473 ± 0.000353 0.003329 ± 0.000355 11.4 ± 2.6 very high
26 3871 4050 180 02/04/2001 0.000500 ± 0.000501 0.006724 ± 0.000503 23.0 ± 4.6 extremely high
27 4051 4066 16 23/04/2001 0.000160 ± 0.000687 0.002747 ± 0.000709 86.0 ± 2.5 high
28 4067 4757 691 24/04/2001 −0.000016 ± 0.000120 0.003151 ± 0.000120 10.7 ± 2.7 very high
29 4758 4811 54 02/07/2001 −0.000691 ± 0.000214 0.001575 ± 0.000216 11.0 ± 4.5 moderate
30 4812 4830 19 05/07/2001 −0.001203 ± 0.001349 0.005880 ± 0.001386 16.6 ± 2.3 extremely high
31 4831 4950 120 09/07/2001 0.000056 ± 0.000329 0.003606 ± 0.000331 14.9 ± 2.6 very high
32 4951 5232 282 19/07/2001 −0.000132 ± 0.000133 0.002230 ± 0.000133 16.0 ± 5.5 high
33 5233 5283 51 15/08/2001 −0.000205 ± 0.000406 0.002896 ± 0.000410 11.1 ± 4.1 high
34 5284 5327 44 21/08/2001 0.000300 ± 0.000851 0.005647 ± 0.000861 21.7 ± 2.9 extremely high
35 5328 5382 55 24/08/2001 −0.000262 ± 0.000292 0.002163 ± 0.000294 13.0 ± 3.0 high
36 5383 5565 183 29/08/2001 −0.001148 ± 0.000413 0.005593 ± 0.000415 56.0 ± 4.0 extremely high
37 5566 5775 210 24/09/2001 0.000330 ± 0.000268 0.003883 ± 0.000269 12.0 ± 5.8 very high
38 5776 6076 301 15/10/2001 0.000260 ± 0.000168 0.002917 ± 0.000168 13.0 ± 6.6 very high
39 6077 6094 18 13/11/2001 0.000362 ± 0.000522 0.002213 ± 0.000537 20.0 ± 2.7 high
40 6095 7044 950 14/11/2001 −0.000065 ± 0.000070 0.002148 ± 0.000070 11.2 ± 2.9 high
41 7045 7217 173 20/02/2002 0.000220 ± 0.000227 0.002982 ± 0.000227 17.4 ± 7.4 very high
42 7218 7484 267 13/03/2002 −0.000160 ± 0.000115 0.001880 ± 0.000115 22.0 ± 6.1 moderate
43 7485 7590 106 05/04/2002 0.000008 ± 0.000340 0.003505 ± 0.000342 26.2 ± 5.2 very high
44 7591 7606 16 16/04/2002 0.000516 ± 0.000281 0.001122 ± 0.000290 23.3 ± 2.4 moderate
45 7607 7752 146 17/04/2002 −0.000321 ± 0.000153 0.001844 ± 0.000153 17.4 ± 2.5 moderate
46 7753 7826 74 30/04/2002 −0.000656 ± 0.000348 0.002991 ± 0.000350 124.0 ± 4.2 very high
47 7827 7890 64 07/05/2002 0.001018 ± 0.000682 0.005455 ± 0.000687 14.9 ± 3.5 extremely high
48 7891 7914 24 14/05/2002 0.000292 ± 0.000484 0.002369 ± 0.000494 44.5 ± 2.6 high
49 7915 8106 192 15/05/2002 −0.000307 ± 0.000157 0.002177 ± 0.000158 13.7 ± 2.9 high
50 8107 9507 1401 04/06/2002 −0.000126 ± 0.000092 0.003444 ± 0.000092 13.5 ± 8.1 very high
51 9508 9540 33 14/10/2002 0.000705 ± 0.001341 0.007706 ± 0.001362 30.1 ± 3.8 extremely high
52 9541 10068 528 17/10/2002 0.000133 ± 0.000133 0.003051 ± 0.000133 37.5 ± 3.6 very high
53 10069 10188 120 09/12/2002 −0.000116 ± 0.000216 0.002371 ± 0.000217 99.0 ± 6.0 high
54 10189 10469 281 19/12/2002 0.000114 ± 0.000113 0.001901 ± 0.000114 15.1 ± 5.5 moderate
55 10470 10502 33 16/01/2003 −0.001435 ± 0.001200 0.006891 ± 0.001218 47.9 ± 3.4 extremely high
56 10503 11189 687 23/01/2003 −0.000008 ± 0.000082 0.002150 ± 0.000082 45.1 ± 3.7 high
57 11190 11371 182 28/03/2003 0.000084 ± 0.000202 0.002730 ± 0.000203 10.4 ± 7.3 high
58 11372 12201 830 16/04/2003 0.000091 ± 0.000061 0.001755 ± 0.000061 49.0 ± 7.4 moderate
59 12202 12360 159 03/07/2003 0.000012 ± 0.000202 0.002553 ± 0.000203 17.8 ± 7.1 high
60 12361 13122 762 21/07/2003 0.000070 ± 0.000059 0.001617 ± 0.000059 26.8 ± 7.0 moderate
61 13123 13171 49 29/09/2003 0.000307 ± 0.000445 0.003114 ± 0.000449 17.0 ± 4.4 very high
62 13172 13502 331 03/10/2003 0.000092 ± 0.000084 0.001532 ± 0.000084 45.0 ± 4.1 moderate
63 13503 13604 102 03/11/2003 −0.000053 ± 0.000091 0.000920 ± 0.000092 19.0 ± 5.3 low
64 13605 14627 1023 11/11/2003 0.000011 ± 0.000043 0.001366 ± 0.000043 10.0 ± 6.1 moderate
65 14628 14729 102 25/02/2004 0.000051 ± 0.000094 0.000945 ± 0.000094 10.0 ± 6.1 low
66 14730 15324 595 04/03/2004 −0.000075 ± 0.000065 0.001580 ± 0.000065 16.0 ± 5.8 moderate
67 15325 15510 186 30/04/2004 0.000052 ± 0.000161 0.002191 ± 0.000161 15.0 ± 7.2 high
68 15511 15530 20 19/05/2004 −0.000413 ± 0.000365 0.001632 ± 0.000374 34.0 ± 2.7 moderate
69 15531 15942 412 20/05/2004 0.000082 ± 0.000059 0.001189 ± 0.000059 16.0 ± 2.9 low
70 15943 16346 404 30/06/2004 −0.000184 ± 0.000075 0.001517 ± 0.000076 13.0 ± 8.4 moderate
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71 16347 16361 15 09/08/2004 0.000547 ± 0.000326 0.001261 ± 0.000337 34.9 ± 2.6 moderate
72 16362 16380 19 10/08/2004 −0.001493 ± 0.001085 0.004730 ± 0.001115 53.0 ± 1.8 extremely high
73 16381 16396 16 12/08/2004 −0.000009 ± 0.000308 0.001232 ± 0.000318 65.0 ± 1.8 low
74 16397 16572 176 13/08/2004 0.000118 ± 0.000081 0.001078 ± 0.000082 14.0 ± 2.5 low
75 16573 16695 123 30/08/2004 0.000184 ± 0.000153 0.001699 ± 0.000154 17.3 ± 5.0 moderate
76 16696 16901 206 13/09/2004 −0.000038 ± 0.000077 0.001100 ± 0.000077 13.7 ± 5.2 low
77 16902 16920 19 30/09/2004 0.001335 ± 0.000611 0.002663 ± 0.000628 16.0 ± 2.7 high
78 16921 17621 701 04/10/2004 0.000057 ± 0.000043 0.001140 ± 0.000043 25.0 ± 2.9 low
79 17622 17748 127 09/12/2004 0.000023 ± 0.000085 0.000956 ± 0.000085 12.0 ± 6.4 low
80 17749 17847 99 22/12/2004 0.000021 ± 0.000055 0.000549 ± 0.000055 16.2 ± 4.4 low
81 17848 18927 1080 31/12/2004 −0.000051 ± 0.000031 0.001033 ± 0.000031 20.8 ± 6.0 low
82 18928 19051 124 14/04/2005 −0.000055 ± 0.000160 0.001782 ± 0.000161 44.0 ± 6.6 moderate
83 19052 21052 2001 27/04/2005 0.000033 ± 0.000022 0.000979 ± 0.000022 54.0 ± 6.9 low
84 21053 21779 727 03/11/2005 0.000058 ± 0.000031 0.000840 ± 0.000031 11.0 ± 13.8 low
85 21780 21961 182 13/01/2006 −0.000128 ± 0.000103 0.001396 ± 0.000104 18.0 ± 7.3 moderate
86 21962 22947 986 03/02/2006 0.000007 ± 0.000031 0.000972 ± 0.000031 22.2 ± 7.6 low
87 22948 23096 149 10/05/2006 −0.000226 ± 0.000118 0.001443 ± 0.000119 92.0 ± 7.0 moderate
88 23097 23232 136 24/05/2006 −0.000090 ± 0.000088 0.001021 ± 0.000088 19.1 ± 5.0 low
89 23233 24000 768 07/06/2006 0.000015 ± 0.000051 0.001407 ± 0.000051 10.1 ± 6.6 moderate
90 24001 24295 295 21/08/2006 0.000096 ± 0.000058 0.000999 ± 0.000058 19.0 ± 8.7 low
91 24296 24315 20 18/09/2006 0.000260 ± 0.000539 0.002411 ± 0.000553 15.0 ± 2.8 high
92 24316 24332 17 20/09/2006 −0.000023 ± 0.000190 0.000783 ± 0.000196 24.0 ± 1.9 low
93 24333 25276 944 21/09/2006 0.000037 ± 0.000031 0.000951 ± 0.000031 12.0 ± 2.8 low
94 25277 25379 103 20/12/2006 −0.000058 ± 0.000062 0.000630 ± 0.000062 12.6 ± 6.1 low
95 25380 25414 35 29/12/2006 0.000072 ± 0.000315 0.001865 ± 0.000320 28.3 ± 3.1 moderate
96 25415 25697 283 05/01/2007 0.000022 ± 0.000057 0.000964 ± 0.000057 16.0 ± 3.5 low
97 25698 25934 237 02/02/2007 0.000011 ± 0.000052 0.000802 ± 0.000052 16.9 ± 6.7 low
98 25935 26011 77 26/02/2007 −0.000288 ± 0.000221 0.001943 ± 0.000223 55.0 ± 4.6 moderate
99 26012 26026 15 06/03/2007 0.000096 ± 0.000150 0.000579 ± 0.000155 73.0 ± 2.3 low
100 26027 26311 285 07/03/2007 0.000040 ± 0.000057 0.000959 ± 0.000057 10.0 ± 2.5 low
101 26312 26841 530 03/04/2007 0.000068 ± 0.000031 0.000716 ± 0.000031 14.5 ± 8.1 low
102 26842 27255 414 23/05/2007 0.000031 ± 0.000048 0.000970 ± 0.000048 18.4 ± 9.0 low
103 27256 27400 145 03/07/2007 0.000153 ± 0.000052 0.000623 ± 0.000052 12.0 ± 6.2 low
104 27401 27712 312 17/07/2007 −0.000117 ± 0.000087 0.001536 ± 0.000087 50.0 ± 5.9 moderate
105 27713 27735 23 15/08/2007 −0.000457 ± 0.000649 0.003112 ± 0.000663 12.7 ± 3.0 very high
106 27736 27942 207 17/08/2007 0.000158 ± 0.000079 0.001130 ± 0.000079 28.6 ± 2.9 low
107 27943 27975 33 06/09/2007 −0.000126 ± 0.000364 0.002089 ± 0.000369 10.2 ± 3.3 high
108 27976 28302 327 11/09/2007 0.000106 ± 0.000047 0.000842 ± 0.000047 56.0 ± 3.5 low
109 28303 28602 300 10/10/2007 0.000024 ± 0.000090 0.001564 ± 0.000090 42.0 ± 7.4 moderate
110 28603 28803 201 07/11/2007 −0.000153 ± 0.000158 0.002233 ± 0.000158 14.0 ± 6.5 high
111 28804 28944 141 28/11/2007 0.000127 ± 0.000090 0.001068 ± 0.000090 36.0 ± 5.4 low
112 28945 28963 19 11/12/2007 −0.000423 ± 0.000727 0.003170 ± 0.000747 29.0 ± 2.6 very high
113 28964 29174 211 12/12/2007 −0.000074 ± 0.000089 0.001289 ± 0.000089 20.0 ± 2.7 moderate
114 29175 29324 150 03/01/2008 −0.000351 ± 0.000195 0.002393 ± 0.000196 31.0 ± 5.5 high
115 29325 29357 33 18/01/2008 −0.000244 ± 0.000929 0.005335 ± 0.000943 21.0 ± 3.2 extremely high
116 29358 29504 147 24/01/2008 −0.000113 ± 0.000141 0.001710 ± 0.000142 65.0 ± 3.2 moderate
117 29505 29521 17 06/02/2008 0.000245 ± 0.000879 0.003624 ± 0.000906 13.0 ± 2.5 very high
118 29522 29832 311 08/02/2008 −0.000031 ± 0.000092 0.001623 ± 0.000092 13.0 ± 2.7 moderate
119 29833 29955 123 10/03/2008 0.000220 ± 0.000224 0.002489 ± 0.000225 15.0 ± 5.6 high
120 29956 30317 362 24/03/2008 0.000058 ± 0.000088 0.001674 ± 0.000088 14.0 ± 5.8 moderate
121 30318 30380 63 25/04/2008 0.000252 ± 0.000172 0.001366 ± 0.000173 29.0 ± 4.5 moderate
122 30381 30747 367 01/05/2008 0.000056 ± 0.000066 0.001267 ± 0.000066 11.4 ± 4.5 moderate
123 30748 31072 325 05/06/2008 −0.000200 ± 0.000103 0.001859 ± 0.000103 38.0 ± 7.7 moderate
124 31073 31095 23 10/07/2008 −0.000713 ± 0.000800 0.003838 ± 0.000818 13.8 ± 3.0 very high
125 31096 31245 150 15/07/2008 0.000088 ± 0.000159 0.001953 ± 0.000160 10.1 ± 2.8 moderate
126 31246 31557 312 01/08/2008 0.000056 ± 0.000076 0.001344 ± 0.000076 26.0 ± 6.0 moderate
Appendix B.9. Telecommunications
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 162 162 14/02/2000 −0.000146 ± 0.000127 0.001617 ± 0.000090 - moderate
2 163 183 21 29/02/2000 0.001959 ± 0.000755 0.003462 ± 0.000547 23.1 ± 2.8 extremely high
3 184 477 294 02/03/2000 0.000036 ± 0.000099 0.001705 ± 0.000070 20.9 ± 2.9 moderate
4 478 630 153 03/04/2000 −0.000366 ± 0.000262 0.003245 ± 0.000186 39.0 ± 6.0 extremely high
5 631 701 71 25/04/2000 0.000240 ± 0.000189 0.001591 ± 0.000134 18.0 ± 4.2 moderate
6 702 720 19 01/05/2000 −0.001939 ± 0.002107 0.009186 ± 0.001531 46.0 ± 2.4 extremely high
7 721 867 147 05/05/2000 −0.000099 ± 0.000135 0.001639 ± 0.000096 75.0 ± 2.6 moderate
8 868 956 89 18/05/2000 −0.000363 ± 0.000283 0.002666 ± 0.000201 24.0 ± 4.4 high
9 957 975 19 26/05/2000 0.002296 ± 0.001156 0.005039 ± 0.000840 10.0 ± 2.5 extremely high
10 976 991 16 02/06/2000 0.000458 ± 0.000244 0.000976 ± 0.000178 80.0 ± 1.8 low
11 992 1482 491 05/06/2000 −0.000033 ± 0.000068 0.001502 ± 0.000048 41.0 ± 2.7 moderate
12 1483 1515 33 25/07/2000 −0.001291 ± 0.000542 0.003116 ± 0.000389 27.2 ± 3.6 extremely high
13 1516 2067 552 31/07/2000 −0.000116 ± 0.000055 0.001298 ± 0.000039 39.4 ± 3.6 moderate
14 2068 2433 366 27/09/2000 0.000049 ± 0.000138 0.002638 ± 0.000098 95.0 ± 8.7 high
15 2434 2582 149 02/11/2000 −0.000048 ± 0.000109 0.001332 ± 0.000077 44.9 ± 6.1 moderate
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16 2583 2598 16 16/11/2000 −0.001410 ± 0.001237 0.004950 ± 0.000904 41.7 ± 2.5 extremely high
17 2599 2879 281 17/11/2000 0.000044 ± 0.000102 0.001709 ± 0.000072 30.9 ± 2.6 moderate
18 2880 2934 55 14/12/2000 −0.001567 ± 0.000516 0.003825 ± 0.000368 46.9 ± 4.2 extremely high
19 2935 3029 95 21/12/2000 0.000322 ± 0.000153 0.001493 ± 0.000109 37.1 ± 3.5 moderate
20 3030 3047 18 02/01/2001 0.002771 ± 0.001272 0.005398 ± 0.000926 38.0 ± 2.5 extremely high
21 3048 3228 181 04/01/2001 0.000047 ± 0.000165 0.002219 ± 0.000117 23.7 ± 2.6 high
22 3229 3244 16 23/01/2001 −0.001067 ± 0.001410 0.005639 ± 0.001029 18.7 ± 2.5 extremely high
23 3245 3496 252 26/01/2001 −0.000186 ± 0.000117 0.001850 ± 0.000083 31.4 ± 2.6 high
24 3497 3761 265 22/02/2001 −0.000068 ± 0.000159 0.002586 ± 0.000113 10.8 ± 6.7 high
25 3762 3960 199 20/03/2001 0.000075 ± 0.000253 0.003573 ± 0.000180 29.0 ± 6.3 extremely high
26 3961 4230 270 10/04/2001 0.000001 ± 0.000121 0.001988 ± 0.000086 33.0 ± 6.3 high
27 4231 4246 16 09/05/2001 0.000338 ± 0.000199 0.000797 ± 0.000146 34.0 ± 2.6 low
28 4247 4586 340 10/05/2001 −0.000079 ± 0.000067 0.001235 ± 0.000047 11.6 ± 2.6 moderate
29 4587 4605 19 14/06/2001 −0.000739 ± 0.000791 0.003447 ± 0.000574 28.0 ± 2.8 extremely high
30 4606 5394 789 18/06/2001 −0.000005 ± 0.000054 0.001508 ± 0.000038 17.4 ± 2.9 moderate
31 5395 5582 188 04/09/2001 0.000120 ± 0.000218 0.002985 ± 0.000154 63.0 ± 7.5 extremely high
32 5583 5718 136 25/09/2001 −0.000012 ± 0.000166 0.001938 ± 0.000118 30.0 ± 5.3 high
33 5719 6050 332 09/10/2001 −0.000157 ± 0.000088 0.001602 ± 0.000062 15.7 ± 5.9 moderate
34 6051 6809 759 08/11/2001 −0.000039 ± 0.000045 0.001227 ± 0.000032 29.0 ± 9.0 moderate
35 6810 6931 122 28/01/2002 −0.000411 ± 0.000238 0.002634 ± 0.000169 75.0 ± 6.3 high
36 6932 7201 270 08/02/2002 0.000040 ± 0.000104 0.001715 ± 0.000074 16.0 ± 5.5 moderate
37 7202 7527 326 12/03/2002 −0.000165 ± 0.000070 0.001272 ± 0.000050 15.0 ± 7.2 moderate
38 7528 7646 119 10/04/2002 −0.000104 ± 0.000321 0.003500 ± 0.000228 78.0 ± 5.6 extremely high
39 7647 7665 19 19/04/2002 −0.000727 ± 0.001766 0.007698 ± 0.001283 10.0 ± 2.6 extremely high
40 7666 8216 551 23/04/2002 −0.000086 ± 0.000093 0.002191 ± 0.000066 49.0 ± 2.9 high
41 8217 8235 19 13/06/2002 −0.000244 ± 0.001534 0.006688 ± 0.001115 33.0 ± 2.9 extremely high
42 8236 8337 102 17/06/2002 −0.000403 ± 0.000256 0.002585 ± 0.000182 15.0 ± 2.5 high
43 8338 8366 29 25/06/2002 0.000046 ± 0.001309 0.007050 ± 0.000942 23.0 ± 2.9 extremely high
44 8367 8605 239 27/06/2002 −0.000186 ± 0.000196 0.003027 ± 0.000139 22.0 ± 3.2 extremely high
45 8606 8656 51 19/07/2002 −0.001326 ± 0.001342 0.009583 ± 0.000958 62.0 ± 4.0 extremely high
46 8657 8793 137 25/07/2002 0.000000 ± 0.000341 0.003994 ± 0.000242 72.0 ± 3.7 extremely high
47 8794 8871 78 07/08/2002 0.000140 ± 0.000289 0.002557 ± 0.000206 13.5 ± 4.2 high
48 8872 8925 54 14/08/2002 0.001184 ± 0.000695 0.005109 ± 0.000496 12.7 ± 3.4 extremely high
49 8926 9042 117 20/08/2002 −0.000104 ± 0.000238 0.002577 ± 0.000169 16.7 ± 3.7 high
50 9043 9093 51 29/08/2002 −0.000617 ± 0.000782 0.005583 ± 0.000558 14.3 ± 3.6 extremely high
51 9094 9326 233 05/09/2002 −0.000084 ± 0.000171 0.002608 ± 0.000121 24.7 ± 4.0 high
52 9327 9707 381 26/09/2002 0.000373 ± 0.000202 0.003941 ± 0.000143 24.2 ± 7.1 extremely high
53 9708 10307 600 04/11/2002 −0.000012 ± 0.000100 0.002441 ± 0.000071 66.0 ± 9.0 high
54 10308 10334 27 02/01/2003 0.000299 ± 0.000200 0.001038 ± 0.000144 12.0 ± 3.4 low
55 10335 10368 34 03/01/2003 0.000253 ± 0.001015 0.005918 ± 0.000728 16.0 ± 2.4 extremely high
56 10369 10469 101 08/01/2003 −0.000131 ± 0.000181 0.001819 ± 0.000129 35.4 ± 3.1 high
57 10470 10503 34 16/01/2003 −0.002554 ± 0.001247 0.007270 ± 0.000895 44.4 ± 3.1 extremely high
58 10504 11306 803 23/01/2003 −0.000068 ± 0.000085 0.002408 ± 0.000060 47.7 ± 3.8 high
59 11307 11407 101 09/04/2003 −0.000085 ± 0.000153 0.001541 ± 0.000109 16.0 ± 5.9 moderate
60 11408 11446 39 21/04/2003 0.001158 ± 0.000782 0.004882 ± 0.000560 39.0 ± 3.2 extremely high
61 11447 11521 75 24/04/2003 0.000127 ± 0.000314 0.002722 ± 0.000224 11.0 ± 3.1 high
62 11522 11628 107 01/05/2003 0.000251 ± 0.000198 0.002045 ± 0.000140 64.0 ± 3.9 high
63 11629 12357 729 12/05/2003 0.000014 ± 0.000059 0.001599 ± 0.000042 16.3 ± 6.0 moderate
64 12358 12454 97 18/07/2003 −0.000000 ± 0.000241 0.002373 ± 0.000171 11.0 ± 5.8 high
65 12455 12766 312 29/07/2003 −0.000040 ± 0.000080 0.001419 ± 0.000057 35.0 ± 5.2 moderate
66 12767 13032 266 27/08/2003 0.000064 ± 0.000065 0.001066 ± 0.000046 10.0 ± 7.0 low
67 13033 13051 19 19/09/2003 −0.001158 ± 0.000711 0.003101 ± 0.000517 24.0 ± 2.8 extremely high
68 13052 13429 378 23/09/2003 0.000007 ± 0.000079 0.001542 ± 0.000056 14.0 ± 2.8 moderate
69 13430 13471 42 27/10/2003 0.000060 ± 0.000088 0.000571 ± 0.000063 21.8 ± 3.9 low
70 13472 13557 86 30/10/2003 −0.000090 ± 0.000177 0.001639 ± 0.000126 21.0 ± 3.2 moderate
71 13558 14125 568 06/11/2003 0.000088 ± 0.000039 0.000918 ± 0.000027 56.0 ± 5.4 low
72 14126 14189 64 02/01/2004 0.000387 ± 0.000168 0.001342 ± 0.000120 11.0 ± 4.8 moderate
73 14190 14206 17 08/01/2004 −0.000278 ± 0.000854 0.003520 ± 0.000622 14.0 ± 2.3 extremely high
74 14207 14221 15 14/01/2004 0.000017 ± 0.000338 0.001310 ± 0.000248 44.0 ± 1.8 moderate
75 14222 15767 1546 15/01/2004 −0.000011 ± 0.000029 0.001147 ± 0.000021 22.0 ± 2.7 moderate
76 15768 16167 400 15/06/2004 −0.000025 ± 0.000045 0.000907 ± 0.000032 14.2 ± 10.8 low
77 16168 16200 33 22/07/2004 0.000827 ± 0.000460 0.002642 ± 0.000330 41.0 ± 3.6 extremely high
78 16201 16216 16 27/07/2004 −0.000102 ± 0.000195 0.000778 ± 0.000142 76.0 ± 2.0 low
79 16217 16899 683 28/07/2004 0.000021 ± 0.000032 0.000832 ± 0.000023 41.0 ± 2.7 low
80 16900 16920 21 30/09/2004 0.000719 ± 0.000412 0.001889 ± 0.000299 20.1 ± 3.0 high
81 16921 17749 829 04/10/2004 0.000033 ± 0.000035 0.001005 ± 0.000025 10.8 ± 3.1 low
82 17750 17847 98 22/12/2004 −0.000028 ± 0.000041 0.000406 ± 0.000029 42.6 ± 5.9 low
83 17848 22064 4217 31/12/2004 −0.000002 ± 0.000013 0.000862 ± 0.000009 31.4 ± 6.5 low
84 22065 22081 17 13/02/2006 0.001069 ± 0.000650 0.002680 ± 0.000474 53.9 ± 2.9 extremely high
85 22082 23697 1616 16/02/2006 −0.000007 ± 0.000024 0.000975 ± 0.000017 36.7 ± 2.9 low
86 23698 23820 123 21/07/2006 0.000251 ± 0.000161 0.001782 ± 0.000114 75.0 ± 6.8 high
87 23821 23890 70 03/08/2006 −0.000059 ± 0.000138 0.001158 ± 0.000099 71.0 ± 4.0 moderate
88 23891 24172 282 09/08/2006 0.000076 ± 0.000039 0.000650 ± 0.000027 33.0 ± 4.6 low
89 24173 25589 1417 06/09/2006 0.000034 ± 0.000025 0.000935 ± 0.000018 20.7 ± 9.4 low
90 25590 25623 34 23/01/2007 0.000148 ± 0.000333 0.001940 ± 0.000239 25.4 ± 3.9 high
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91 25624 25941 318 26/01/2007 0.000049 ± 0.000039 0.000691 ± 0.000027 47.7 ± 3.5 low
92 25942 25967 26 27/02/2007 −0.000219 ± 0.000788 0.004016 ± 0.000568 151.0 ± 3.2 extremely high
93 25968 26042 75 01/03/2007 −0.000095 ± 0.000170 0.001473 ± 0.000121 21.0 ± 2.7 moderate
94 26043 26268 226 08/03/2007 0.000086 ± 0.000070 0.001045 ± 0.000049 35.0 ± 4.5 low
95 26269 26952 684 29/03/2007 0.000074 ± 0.000033 0.000862 ± 0.000023 14.8 ± 7.8 low
96 26953 27075 123 04/06/2007 −0.000033 ± 0.000112 0.001242 ± 0.000079 12.0 ± 6.3 moderate
97 27076 27243 168 15/06/2007 −0.000012 ± 0.000087 0.001132 ± 0.000062 13.5 ± 5.0 moderate
98 27244 27447 204 02/07/2007 −0.000043 ± 0.000069 0.000984 ± 0.000049 12.2 ± 5.7 low
99 27448 27735 288 20/07/2007 −0.000106 ± 0.000112 0.001893 ± 0.000079 48.0 ± 6.4 high
100 27736 28096 361 17/08/2007 0.000113 ± 0.000070 0.001334 ± 0.000050 18.0 ± 7.4 moderate
101 28097 28300 204 21/09/2007 −0.000002 ± 0.000050 0.000713 ± 0.000035 40.0 ± 6.8 low
102 28301 28410 110 10/10/2007 −0.000122 ± 0.000102 0.001072 ± 0.000073 10.0 ± 5.0 moderate
103 28411 28892 482 22/10/2007 −0.000076 ± 0.000071 0.001557 ± 0.000050 12.0 ± 5.8 moderate
104 28893 28933 41 06/12/2007 0.000157 ± 0.000118 0.000758 ± 0.000085 13.0 ± 3.9 low
105 28934 28951 18 10/12/2007 0.001193 ± 0.001183 0.005018 ± 0.000861 41.0 ± 2.2 extremely high
106 28952 28966 15 12/12/2007 −0.000433 ± 0.000384 0.001486 ± 0.000281 47.0 ± 1.8 moderate
107 28967 29204 238 13/12/2007 −0.000050 ± 0.000091 0.001400 ± 0.000064 32.0 ± 2.5 moderate
108 29205 29353 149 07/01/2008 −0.000445 ± 0.000331 0.004042 ± 0.000235 134.0 ± 5.7 extremely high
109 29354 29481 128 23/01/2008 0.000059 ± 0.000205 0.002325 ± 0.000146 54.0 ± 4.9 high
110 29482 29609 128 05/02/2008 0.000034 ± 0.000131 0.001483 ± 0.000093 12.2 ± 4.7 moderate
111 29610 29627 18 15/02/2008 −0.002864 ± 0.001189 0.005046 ± 0.000865 44.5 ± 2.5 extremely high
112 29628 30123 496 20/02/2008 0.000077 ± 0.000095 0.002116 ± 0.000067 30.7 ± 2.8 high
113 30124 30366 243 08/04/2008 0.000092 ± 0.000078 0.001216 ± 0.000055 58.0 ± 7.6 moderate
114 30367 30525 159 30/04/2008 0.000104 ± 0.000136 0.001714 ± 0.000096 15.0 ± 5.8 moderate
115 30526 30700 175 14/05/2008 0.000005 ± 0.000099 0.001306 ± 0.000070 11.0 ± 5.4 moderate
116 30701 30750 50 30/05/2008 −0.000175 ± 0.000404 0.002854 ± 0.000288 41.0 ± 3.8 extremely high
117 30751 31111 361 06/06/2008 −0.000230 ± 0.000112 0.002123 ± 0.000079 11.0 ± 4.2 high
118 31112 31557 446 16/07/2008 0.000019 ± 0.000088 0.001860 ± 0.000062 14.0 ± 8.3 high
Appendix B.10. Utilities
m start end duration start date mean std dev ∆(m − 1,m) cluster
1 1 74 74 14/02/2000 −0.000042 ± 0.000083 0.000715 ± 0.000059 - low
2 75 313 239 18/02/2000 −0.000132 ± 0.000081 0.001245 ± 0.000057 13.2 ± 4.5 high
3 314 336 23 14/03/2000 0.001750 ± 0.000314 0.001507 ± 0.000227 36.0 ± 3.0 extremely high
4 337 482 146 16/03/2000 0.000057 ± 0.000110 0.001329 ± 0.000078 11.8 ± 2.8 high
5 483 615 133 04/04/2000 0.000210 ± 0.000239 0.002752 ± 0.000169 28.4 ± 4.9 extremely high
6 616 631 16 24/04/2000 0.000176 ± 0.000232 0.000929 ± 0.000170 30.4 ± 2.4 low
7 632 1080 449 25/04/2000 0.000041 ± 0.000081 0.001716 ± 0.000057 20.8 ± 2.7 high
8 1081 1242 162 15/06/2000 −0.000106 ± 0.000086 0.001094 ± 0.000061 19.1 ± 6.5 moderate
9 1243 1275 33 29/06/2000 0.000320 ± 0.000847 0.004868 ± 0.000608 47.2 ± 3.3 extremely high
10 1276 1527 252 05/07/2000 0.000049 ± 0.000064 0.001022 ± 0.000046 76.4 ± 3.4 moderate
11 1528 1551 24 31/07/2000 0.001268 ± 0.001129 0.005532 ± 0.000816 101.3 ± 3.0 extremely high
12 1552 1711 160 04/08/2000 0.000163 ± 0.000064 0.000814 ± 0.000046 108.4 ± 2.9 low
13 1712 1752 41 21/08/2000 0.000176 ± 0.000063 0.000400 ± 0.000045 11.8 ± 3.5 low
14 1753 1791 39 23/08/2000 −0.000113 ± 0.000213 0.001333 ± 0.000153 21.2 ± 2.7 high
15 1792 1810 19 28/08/2000 −0.000217 ± 0.000085 0.000369 ± 0.000062 12.5 ± 2.2 low
16 1811 1830 20 29/08/2000 0.001117 ± 0.000801 0.003583 ± 0.000581 27.1 ± 1.9 extremely high
17 1831 2190 360 06/09/2000 0.000068 ± 0.000094 0.001785 ± 0.000067 11.1 ± 2.9 high
18 2191 2222 32 10/10/2000 −0.000272 ± 0.000237 0.001342 ± 0.000170 60.5 ± 3.5 high
19 2223 2322 100 12/10/2000 −0.000099 ± 0.000101 0.001007 ± 0.000072 14.6 ± 3.0 moderate
20 2323 2418 96 20/10/2000 0.000125 ± 0.000173 0.001690 ± 0.000123 11.2 ± 4.1 high
21 2419 3029 611 01/11/2000 0.000023 ± 0.000046 0.001134 ± 0.000032 15.5 ± 5.6 moderate
22 3030 3048 19 02/01/2001 −0.003026 ± 0.001218 0.005309 ± 0.000885 127.5 ± 2.9 extremely high
23 3049 3224 176 04/01/2001 0.000051 ± 0.000165 0.002193 ± 0.000117 26.4 ± 2.7 extremely high
24 3225 3244 20 22/01/2001 0.000815 ± 0.001003 0.004487 ± 0.000728 11.5 ± 2.7 extremely high
25 3245 3762 518 26/01/2001 −0.000014 ± 0.000063 0.001437 ± 0.000045 45.9 ± 2.9 high
26 3763 3781 19 20/03/2001 −0.001654 ± 0.000878 0.003827 ± 0.000638 34.5 ± 2.9 extremely high
27 3782 3934 153 23/03/2001 0.000259 ± 0.000165 0.002039 ± 0.000117 11.4 ± 2.6 extremely high
28 3935 3960 26 06/04/2001 0.000509 ± 0.001110 0.005658 ± 0.000800 27.3 ± 3.0 extremely high
29 3961 4095 135 10/04/2001 0.000185 ± 0.000142 0.001651 ± 0.000101 37.9 ± 2.9 high
30 4096 4305 210 26/04/2001 −0.000042 ± 0.000080 0.001159 ± 0.000057 33.4 ± 5.4 moderate
31 4306 4321 16 18/05/2001 0.000272 ± 0.000113 0.000453 ± 0.000083 26.4 ± 2.5 low
32 4322 4360 39 21/05/2001 0.000119 ± 0.000067 0.000419 ± 0.000048 14.0 ± 2.1 low
33 4361 4572 212 23/05/2001 −0.000175 ± 0.000090 0.001304 ± 0.000063 12.3 ± 3.6 high
34 4573 4651 79 13/06/2001 −0.000297 ± 0.000224 0.001989 ± 0.000159 17.4 ± 4.6 extremely high
35 4652 4977 326 21/06/2001 −0.000016 ± 0.000060 0.001088 ± 0.000043 23.6 ± 4.9 moderate
36 4978 4998 21 20/07/2001 −0.001907 ± 0.000840 0.003850 ± 0.000609 59.1 ± 2.9 extremely high
37 4999 5239 241 24/07/2001 0.000041 ± 0.000110 0.001703 ± 0.000078 22.1 ± 2.9 high
38 5240 5382 143 16/08/2001 0.000129 ± 0.000064 0.000762 ± 0.000045 34.9 ± 5.6 low
39 5383 5555 173 29/08/2001 −0.000450 ± 0.000165 0.002174 ± 0.000117 48.3 ± 5.2 extremely high
40 5556 5592 37 21/09/2001 −0.000141 ± 0.000145 0.000885 ± 0.000104 14.5 ± 3.4 low
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m start end duration start date mean std dev ∆(m − 1,m) cluster
41 5593 5625 33 25/09/2001 −0.000428 ± 0.000709 0.004073 ± 0.000509 27.9 ± 2.5 extremely high
42 5626 5687 62 28/09/2001 0.000584 ± 0.000208 0.001639 ± 0.000148 43.4 ± 2.8 high
43 5688 6242 555 04/10/2001 −0.000117 ± 0.000066 0.001563 ± 0.000047 10.7 ± 4.7 high
44 6243 6344 102 29/11/2001 0.000072 ± 0.000111 0.001124 ± 0.000079 10.1 ± 5.7 moderate
45 6345 6362 18 07/12/2001 −0.000783 ± 0.001526 0.006475 ± 0.001111 82.0 ± 2.5 extremely high
46 6363 6558 196 13/12/2001 0.000126 ± 0.000096 0.001344 ± 0.000068 202.0 ± 2.6 high
47 6559 6674 116 03/01/2002 −0.000047 ± 0.000076 0.000813 ± 0.000054 23.0 ± 5.1 low
48 6675 6725 51 14/01/2002 −0.000160 ± 0.000196 0.001402 ± 0.000140 11.2 ± 3.6 high
49 6726 6811 86 18/01/2002 −0.000057 ± 0.000067 0.000623 ± 0.000048 15.8 ± 3.4 low
50 6812 6886 75 29/01/2002 −0.000181 ± 0.000177 0.001533 ± 0.000126 23.8 ± 3.8 high
51 6887 7917 1031 05/02/2002 0.000018 ± 0.000031 0.000994 ± 0.000022 13.6 ± 5.4 moderate
52 7918 8487 570 15/05/2002 −0.000133 ± 0.000063 0.001506 ± 0.000045 46.0 ± 11.3 high
53 8488 8659 172 09/07/2002 −0.000448 ± 0.000403 0.005283 ± 0.000286 209.0 ± 6.9 extremely high
54 8660 8735 76 25/07/2002 0.000549 ± 0.000369 0.003217 ± 0.000263 11.0 ± 4.3 extremely high
55 8736 9057 322 01/08/2002 0.000059 ± 0.000100 0.001802 ± 0.000071 111.0 ± 4.8 high
56 9058 9402 345 30/08/2002 −0.000207 ± 0.000131 0.002433 ± 0.000093 11.0 ± 7.6 extremely high
57 9403 9466 64 03/10/2002 −0.001233 ± 0.000779 0.006234 ± 0.000555 68.0 ± 4.5 extremely high
58 9467 9590 124 10/10/2002 0.000379 ± 0.000251 0.002789 ± 0.000178 26.0 ± 3.9 extremely high
59 9591 9826 236 22/10/2002 0.000043 ± 0.000126 0.001936 ± 0.000089 235.0 ± 5.4 extremely high
60 9827 10082 256 14/11/2002 0.000054 ± 0.000082 0.001305 ± 0.000058 23.0 ± 6.5 high
61 10083 10331 249 10/12/2002 0.000145 ± 0.000059 0.000924 ± 0.000041 15.3 ± 6.6 low
62 10332 10352 21 03/01/2003 0.000466 ± 0.000714 0.003272 ± 0.000517 42.8 ± 2.9 extremely high
63 10353 10893 541 07/01/2003 −0.000111 ± 0.000065 0.001505 ± 0.000046 13.5 ± 3.0 high
64 10894 11476 583 03/03/2003 0.000089 ± 0.000044 0.001074 ± 0.000031 60.0 ± 9.8 moderate
65 11477 11513 37 28/04/2003 0.000066 ± 0.000081 0.000495 ± 0.000058 12.7 ± 3.8 low
66 11514 11530 17 30/04/2003 −0.000494 ± 0.000534 0.002201 ± 0.000389 22.2 ± 2.1 extremely high
67 11531 11697 167 01/05/2003 0.000170 ± 0.000047 0.000610 ± 0.000034 41.3 ± 2.6 low
68 11698 11925 228 16/05/2003 0.000115 ± 0.000107 0.001622 ± 0.000076 11.0 ± 5.8 high
69 11926 12549 624 09/06/2003 −0.000056 ± 0.000041 0.001012 ± 0.000029 34.2 ± 7.7 moderate
70 12550 13593 1044 06/08/2003 0.000036 ± 0.000021 0.000685 ± 0.000015 229.0 ± 11.6 low
71 13594 13649 56 11/11/2003 0.000014 ± 0.000054 0.000407 ± 0.000039 10.0 ± 4.7 low
72 13650 13728 79 14/11/2003 −0.000033 ± 0.000117 0.001036 ± 0.000083 20.0 ± 3.4 moderate
73 13729 14339 611 24/11/2003 0.000063 ± 0.000022 0.000538 ± 0.000015 36.0 ± 5.2 low
74 14340 14416 77 27/01/2004 0.000006 ± 0.000115 0.001005 ± 0.000082 31.0 ± 5.2 moderate
75 14417 14436 20 04/02/2004 −0.000193 ± 0.000134 0.000601 ± 0.000098 17.0 ± 2.5 low
76 14437 14786 350 05/02/2004 0.000051 ± 0.000032 0.000603 ± 0.000023 18.0 ± 2.9 low
77 14787 14905 119 10/03/2004 −0.000067 ± 0.000094 0.001028 ± 0.000067 18.0 ± 5.7 moderate
78 14906 15106 201 22/03/2004 0.000029 ± 0.000033 0.000466 ± 0.000023 19.0 ± 5.1 low
79 15107 15138 32 12/04/2004 −0.000556 ± 0.000376 0.002129 ± 0.000270 121.0 ± 3.3 extremely high
80 15139 15385 247 14/04/2004 0.000004 ± 0.000051 0.000806 ± 0.000036 37.0 ± 3.4 low
81 15386 15405 20 06/05/2004 −0.001250 ± 0.000609 0.002726 ± 0.000442 47.0 ± 2.8 extremely high
82 15406 15437 32 10/05/2004 −0.000208 ± 0.000237 0.001343 ± 0.000171 20.0 ± 2.2 high
83 15438 15600 163 12/05/2004 0.000192 ± 0.000088 0.001129 ± 0.000063 11.0 ± 3.2 moderate
84 15601 16331 731 27/05/2004 0.000023 ± 0.000027 0.000735 ± 0.000019 54.0 ± 7.0 low
85 16332 17127 796 06/08/2004 0.000035 ± 0.000019 0.000526 ± 0.000013 41.0 ± 11.5 low
86 17128 17177 50 22/10/2004 0.000157 ± 0.000172 0.001220 ± 0.000123 44.0 ± 4.4 moderate
87 17178 17230 53 28/10/2004 0.000106 ± 0.000061 0.000447 ± 0.000044 19.0 ± 3.0 low
88 17231 17271 41 02/11/2004 0.000304 ± 0.000255 0.001634 ± 0.000183 29.0 ± 2.9 high
89 17272 17354 83 05/11/2004 0.000140 ± 0.000051 0.000469 ± 0.000037 39.0 ± 3.2 low
90 17355 18359 1005 12/11/2004 0.000021 ± 0.000022 0.000711 ± 0.000016 10.0 ± 5.6 low
91 18360 19227 868 18/02/2005 0.000010 ± 0.000034 0.001010 ± 0.000024 51.0 ± 12.7 moderate
92 19228 19246 19 12/05/2005 −0.000500 ± 0.000503 0.002191 ± 0.000365 15.0 ± 2.9 extremely high
93 19247 19932 686 16/05/2005 0.000077 ± 0.000028 0.000744 ± 0.000020 36.0 ± 2.9 low
94 19933 20160 228 20/07/2005 −0.000028 ± 0.000083 0.001253 ± 0.000059 46.0 ± 7.8 high
95 20161 20722 562 11/08/2005 0.000058 ± 0.000036 0.000863 ± 0.000026 21.0 ± 7.6 low
96 20723 21138 416 04/10/2005 −0.000129 ± 0.000073 0.001496 ± 0.000052 61.0 ± 9.1 high
97 21139 22544 1406 11/11/2005 0.000006 ± 0.000023 0.000849 ± 0.000016 110.0 ± 10.8 low
98 22545 23468 924 31/03/2006 0.000022 ± 0.000035 0.001051 ± 0.000024 22.0 ± 13.9 moderate
99 23469 23987 519 29/06/2006 0.000059 ± 0.000033 0.000763 ± 0.000024 75.0 ± 10.8 low
100 23988 25919 1932 18/08/2006 0.000030 ± 0.000014 0.000605 ± 0.000010 23.0 ± 12.2 low
101 25920 25949 30 23/02/2007 −0.000053 ± 0.000636 0.003484 ± 0.000457 303.0 ± 3.7 extremely high
102 25950 26011 62 27/02/2007 −0.000157 ± 0.000168 0.001326 ± 0.000120 18.0 ± 2.7 high
103 26012 26296 285 06/03/2007 0.000124 ± 0.000052 0.000871 ± 0.000037 12.0 ± 4.4 low
104 26297 26842 546 02/04/2007 0.000045 ± 0.000029 0.000669 ± 0.000020 15.0 ± 8.1 low
105 26843 27473 631 23/05/2007 −0.000044 ± 0.000049 0.001237 ± 0.000035 433.0 ± 10.0 high
106 27474 27735 262 24/07/2007 −0.000113 ± 0.000146 0.002358 ± 0.000103 73.5 ± 8.1 extremely high
107 27736 27915 180 17/08/2007 0.000063 ± 0.000120 0.001614 ± 0.000085 12.5 ± 6.1 high
108 27916 29266 1351 05/09/2007 0.000036 ± 0.000031 0.001133 ± 0.000022 64.0 ± 7.8 moderate
109 29267 29324 58 15/01/2008 −0.000657 ± 0.000203 0.001545 ± 0.000145 14.2 ± 4.9 high
110 29325 29356 32 18/01/2008 −0.000291 ± 0.000948 0.005361 ± 0.000681 141.0 ± 2.8 extremely high
111 29357 29477 121 24/01/2008 0.000108 ± 0.000144 0.001581 ± 0.000102 92.0 ± 3.1 high
112 29478 29729 252 05/02/2008 −0.000048 ± 0.000073 0.001165 ± 0.000052 12.4 ± 5.4 moderate
113 29730 29944 215 28/02/2008 −0.000105 ± 0.000123 0.001807 ± 0.000087 10.0 ± 6.3 high
114 29945 31037 1093 20/03/2008 0.000042 ± 0.000033 0.001082 ± 0.000023 22.0 ± 8.2 moderate
115 31038 31175 138 07/07/2008 −0.000263 ± 0.000181 0.002122 ± 0.000128 69.0 ± 6.9 extremely high
116 31176 31381 206 24/07/2008 −0.000066 ± 0.000090 0.001294 ± 0.000064 18.0 ± 5.4 high
117 31382 31557 176 14/08/2008 0.000057 ± 0.000069 0.000913 ± 0.000049 10.0 ± 5.7 low
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